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1.0  INTRODUCTION 


Stapleton  International  Airport  is  located  in  the  northeast 
portion  of  the  City  of  Denver,  Colorado,  and  adjoins  the  south¬ 
western  extent  of  the  Rocky  Mountain  Arsenal  (Figure  1)  .  Expan¬ 
sion  of  the  existing  runway  facilities  has  been  proposed  to 
alleviate  flight  congestion  problems  until  the  construction  of  a 
new  airport  is  completed.  The  new  airport,  which  is  proposed  ho 
be  located  northeast  of  the  current  airport,  is  envisioned  to  be 
operational  about  1995. 

Currently,  proposed  expansion  plans  involve  the  construction 
of  a  new  temporary  east-west  runway  facility  located  on  the 
southern  tier  of  the  Rocky  Mountain  Arsenal.  The  property  con¬ 
templated  for  construction  is  located  in  Sections  11  and  12, 
Township  3  South,  Range  67  West  and  Sections  7  and  8,  Township  3 
South,  Range  66  West.  Two  alignments  have  been  conceptualized 
for  the  new  east-west  runway  and  are  designated  the  Northern 
Alignment  and  Alignment  C.  The  locations  of  the  two  concep¬ 
tualized  alignments  are  shown  on  Figures  16  and  17  with  the  pre¬ 
sent  alluvial  water  table  configuration. 

1 . 1  Purpose 

The  purpose  of  this  investigation  was  to  locate,  identify 
and  analyze  the  alluvial  (shallow)  ground  water  system  beneath 
the  project  site,  and  to  identify  any  potential  ground  water 
problems  areas  in  the  vicnity  of  the  two  conceptualized  runway 


alignments.  The  system  identification  will  provide  the  data  base 
for  the  design  of  temporary  or  permanent  dewatering  should  final 
design  of  the  runway  facilities  dictate  lowering  of  the  water 
table  during  or  following  construction. 

Secondly,  ground  water  rights  were  to  be  investigated  to 
determine  their  effect  on  the  proposed  construction  and  water 
availability  for  construction  and  future  use. 

1 . 2  Scope  of  Work 

The  work  included  a  review  and  study  of  all  available 
literature  pertaining  to  the  alluvial  ground  water  system  in  the 
vicinity  of  the  project  site  including  information  on  file  with 
the  Rocky  Mountain  Resource  Information  (RIC)  Center,  the  U.  S. 
Geological  Survey,  the  Colorado  Department  of  Water  Resources  and 
Blatchley  Associates,  Inc.  (BAI)  proprietary  files.  Field  work 
included  the  siting,  design,  drilling,  construction,  testing  and 
monitoring  of  46  new  water  level  monitor  holes  completed  in  the 
alluvial  aquifer  underlying  the  southern  tier  of  the  Rocky 
Mountain  Arsenal. 

The  results  of  the  investigations  are  presented  on  maps 
showing  the  existing  configuration  of  the  alluvial  ground  water 
table  and  bedrock  beneath  the  project  site.  This  data  provides 
the  basis  for  the  conclusions  and  recommendations. 

The  analysis  of  the  alluvial  ground  water  system  underlying 
the  project  site  and  the  effects  that  runway  construction  might 
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have  on  that  ground  water  system  was  originally  envisioned  to 
require  a  numerical  computer  ground  water  simulation  (model). 
However,  review  of  the  conceptual  runway  alignments  and  feasibil¬ 
ity  design  after  the  investigations,  it  was  determined  that 
complete  modeling  was  not  warranted  at  this  time.  One  exception 
may  arise  if  temporary  dewatering  for  construction  of  surface 
drainage  structures  beneath  the  runway  alignments  is  required. 
Tt  was  mutually  decided  by  Centennial  Engineering,  Inc.,  the 
prime  consultant  on  this  phase  of  the  project,  and  BAI  that  full 
computer  modeling  of  the  ground  water  system  was  not  warranted  at 
this  time.  In  the  eventuality  that  the  final  runway  design  indi¬ 
cates  that  dewatering  is  required  and  computer  modeling  is 
necessary  to  properly  evaluate  the  effects  of  that  dewatering  on 
the  regional  alluvial  ground  water  system,  the  required  modeling 
input  data,  including  hydraulic  conductivity  (permeability), 
amount  of  ground  water  inflow  onto  project  lands  and  aquifer 
recharge  were  evaluated. 

The  work  also  included  an  evaluation  of  the  need  for  de¬ 
watering  should  a  grade  separated  structure  be  constructed  to 
allow  the  existing  Union  Pacific  Railroad  spur  to  pass  beneath 
either  the  western  end  of  the  Northern  Alignment  connecting 
taxiway  or  the  western  end  of  Alignment  C.  The  existing  railroad 
spur  is  located  east  of  the  existing  north-south  runway  in 
Section  10,  Township  3  South,  Range  67  West. 
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The  potential  effect  of  future  suburban  and  commercial  de¬ 
velopment  on  the  alluvial  ground  water  system  underlying  the  pro¬ 
ject  site  is  also  addressed. 

The  existence  of  ground  water  appropriations  was  to  be  iden¬ 
tified  to  allow  for  any  modification  to  the  proposed  runway  pro¬ 
ject  to  prevent  injury  to  vested  water  rights.  Water  rights  not 
yet  appropriated  were  also  to  be  identified  to  insure  that  the 
resource  is  not  lost  because  of  the  proposed  construction 
program. 


1-4 


2.0  SUMMARY  OF  CONCLUSIONS  AND  RECOMMENDATIONS 


2 . 1  Conclusions-Existinq  Ground  Water  Conditions 

(1)  Subsurface  soils  types  over  the  project  site  are  very 
erratic.  The  alluvial  deposits  underlying  the  site  generally 
consist  of  interbedded  silts,  clays,  sands  and  gravels  with 
varying  hydraulic  character. 

(2)  The  thickness  of  the  alluvial  deposits  ranges  from  5  to 

« 

97  feet  across  the  site.  The  thinnest  deposits  are  located  in 
the  eastern  portions  of  the  site  in  the  vicinity  of  a  bedrock 
high  located  in  Section  7,  The  thickest  deposits  coincide  with  a 
buried  stream  channel  system  identified  in  the  western  portions 
of  the  site.  Sections  11  and  12. 

(3)  The  Denver  formation  is  the  uppermost  bedrock  unit 
underlying  the  alluvial  deposits  throughout  the  project  site. 
Although  beneath  some  areas  of  the  site,  permeable  sandstone 
layers  within  the  Denver  formation  were  found  to  be  in  contact 
with  the  overlying  alluvium,  they  did  not  appear  to  be  water 
bearing,  i.e.,  the  Denver  formation  aquifer  does  not  appear  to  be 
contributing  water  to  the  overlying  alluvium  within  the  confines 
of  the  project  site. 

(4)  Numerous  relatively  impermeable  layers  of  material,  clays 
and  sandy  clays  exist  within  the  alluvial  deposits  beneath  the 
site.  These  relatively  impermeable  layers  of  material  result  in 
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confined  water  table  conditions  existing  in  the  alluvial  aquifer 
in  some  areas  of  the  site.  Unconfined  water  table  conditions 
exist  in  other  portions  of  the  site  where  these  impermeable 
layers  of  material  are  absent  but  also  exist  in  some  areas  where 
they  are  present. 

(5)  Although  the  layers  of  relatively  impermeable  material 
within  the  alluvium  result  in  confined  water  table  conditions 
beneath  some  areas  of  the  site,  they  are  apparently  discontinuous 

I 

throughout  the  entire  project  site  and  do  not  separate  the  ground 
water  contained  in  the  alluvium  into  two  distinct  aquifer  zones. 
There  is  only  one  water  table  surface  across  the  site  at  present, 
which  indicates  a  direct  hydraulic  connection  of  the  ground  water 
above  and  below  these  layers  of  relatively  impermeable  material. 

(6)  The  relatively  impermeable  layers  of  material  also 
result  in  and  provide  the  potential  for  both  the  long  term  and 
intermittent  perching  of  ground  water  above  the  water  table. 
Only  one  area  within  the  project  site  was  identified  where  ground 
water  was  being  intermittently  perched  above  the  water  table. 
Other  areas  may  exist.  The  intermittent  perching  of  water  near 
the  surface  has  been  reported  in  the  eastern  portions  of  the  site 
by  Rocky  Mountain  Arsenal  personnel. 

(7)  In  areas  where  the  water  table  is  confined  below  rela¬ 
tively  impermeable  layers  of  material  within  the  alluvium, 
penetration  of  the  confining  layer  (s)  will  result  in  a  rise  cf 
the  water  table  to  a  level  equal  to  the  potentiometr ic  pressure 
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of  the  confined  water.  Localized  high  ground  water  problem  areas 
may  require  temporary  dewatering  for  construction. 

(8)  The  configuration  of  water  table  has  not  changed  signi¬ 
ficantly  in  the  past  twenty-eight  years  although  its  elevation 
may  have.  The  general  water  table  gradient  across  the  site  is  to 
the  northwest  towards  the  South  Platte  River.  The  bedrock  high 
in  the  eastern  portions  of  the  site  imparts  a  more  northern 
direction  to  the  flow  of  the  ground  water  on  the  eastern  end  of 
the  site. 

(9)  Recharge  to  the  alluvial  aquifer  is  primarily  from  pre¬ 
cipitation  and  the  inflow  of  ground  water  from  the  south  and 
southeast.  The  aquifer  also  receives  both  continual  and  inter¬ 
mittent  recharge  from  on-site  and  near-site  sources  including 
seepage  from  First  Creek,  the  High  Line  Lateral,  and  the  storm 
drain  intercepter  systems  that  cross  the  property,  i.e.,  the 
Havana  Street  Interceptor,  Havana  Street  Lakes,  Joliet  and  Ovalda 
Street  Interceptors  and  others,  and  the  lakes  located  immediately 
north  of  the  project  site,  i.e.,  the  "South  Lakes." 

(10>  Approximately  eleven  million  gallons  per  day  of  ground 
water  is  presently  entering  the  project  site.  The  majority  of 
the  ground  water  entering  the  project  site  is  through  the  buried 
channels  in  the  western  portions  of  the  site. 

(11)  Comparison  of  the  existing  elevations  of  the  water 
table  in  the  vicinity  of  the  two  conceptualized  east-west  runway 
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alignments  with  the  maximum  expected  excavation  elevations,  indi¬ 
cates  that  large  scale  dewatering  to  lower  the  water  table  will 
not  be  required  for  the  runways. 

(12)  Temporary  dewatering  during  construction  may  be 
required  at  the  western  end  of  the  Northern  Alignment  and  the 
extreme  eastern  end  of  Alignment  C.  Temporary  dewatering  may 
also  be  required  where  each  of  the  runway  alignments  cross  the 
Uvalda  Street  Interceptor'  system  ditch  and  the  Northern  Alignment 
crossing  the  High  Line  Lateral. 

(13)  Permanent  or  temporary  dewatering  to  lower  the  water 
table  in  the  vicinity  of  the  Union  Pacific  Railroad  spur  crossing 
the  western  end  of  the  Northern  Alignment  connecting  taxiway  and 
the  western  end  of  Alignment  C  will  be  required  if  a.  grade 
separated  structure  is  constructed  to  pass  the  spur  beneath  the 
taxiway  or  runway. 

(14)  Alignment  C  appears  to  be  the  more  favorable  of  the  two 
conceptualized  runway  alignments  from  the  ground  water 
standpoint.  The  water  table  generally  underlies  Alignment  C  at 
greater  depths  than  along  the  Northern  Alignment.  Alignment  C 
would  not  cross  any  of  the  known  areas  of  contamination  iden¬ 
tified  on  the  project  site. 

2 . 2  Conclusions-Future  Ground  Water  Conditions 

1.  The  elevations  of  the  alluvial  water  table  underlying 
the  site  will  fluctuate  seasonally.  Depending  upon  the  magnitude 
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of  this  fluctuation  and  the  final  runway  alignment,  the  need  for 
dewatering  may  have  to  be  re-evaluated. 

2.  The  construction  of  new  runway  facilities  will  result  in 
increased  and  concentrated  amounts  of  precipitation  runoff 
contributing  to  the  ground  water  system.  The  result  may  be  a 
localized  rise  in  the  water  table  or  the  creation  of  problem 
areas  where  water  is  mounded  above  the  water  table  by  relatively 
impermeable  layers  of  material  within  the  alluvium. 

3.  If  landscape  irrigation  along  the  course  of  the  new  run¬ 
way  facilities  is  conducted,  subsurface  return  flows  from  such 
irrigation  may  result  in  a  localized  rise  in  the  water  table 
and/or  be  mounded  above  the  water  table  on  layers  of  relatively 
impermeable  material  causing  the  creation  of  high  ground  water 
problem  areas. 

4.  If  the  development  of  off-site  properties  situated  in  an 
up-gradient  direction  of  the  water  table,  south  and  southeast, 
occurs  within  the  life  span  of  the  runway  facilities,  increased 
or  concentrated  amounts  of  surface  runoff  and  subsurface  return 
flows  from  landscape  irrigation  may  adversely  impact  the  alluvial 
ground  water  system  underlying  the  project  site.  The  potential 
impacts  from  off-site  development  are  addressed  in  Subsection 
5.1.9  of  this  report. 

2 , 3  Conclusions-Ground  Water  Rights 

1.  Water  rights  to  two  shallow  wells  on  the  Southern  Tier 
are  in  the  process  of  being  adjudicated  in  the  Division  1  Water 
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Court . 


These  wells  and  associated  water  rights  should  not  be 


injured  by  either  the  Northern  Alignment  or  Alignment  C. 

2.  Shallow  alluvial  water  is  abundant  within  the  boundary 
of  the  Southern  Tier  and  available  for  appropriation;  however,  a 
plan  for  augmentation  would  be  required  concurrently  with  the 
appropriation  of  this  water.  The  alluvial  ground  water  is  tribu¬ 
tary  to  the  South  Platte  River  system. 

3.  No  appropriations  of  the  nontributary  and  not  nontribu¬ 
tary  water  available  from  the  underlying  Denver  Basin  bedrock 
aquifers  have  been  made  by  the  Rocky  Mountain  Arsenal  on  the 
Southern  Tier.  Some  appropriation  of  these  waters  have  been  made 
by  adjoining  property  owners.  The  remaining  nontributary  and  not 
nontributary  water  supplies  are  subject  to  the  New  Rules  and 
Regulations  of  the  Denver  Basin  established  under  Senate  Bill  5. 
Water  supplies  should  be  available  to  the  present  owners  at  the 
rate  of  1,981.0  acre-feet  per  year  from  the  bedrock  aquifers. 

2 . 4  Recommendations 

1.  The  ongoing  monitoring  of  water  levels  should  be  con¬ 
tinued  to  establish  the  magnitude  of  the  seasonal  fluctuation  of 
the  water  table.  Once  established,  the  need  for  dewatering  in 
the  vicinity  of  the  new  runway  facilities  should  be  re-evaluated. 

2.  During  the  final  subsurface  drilling  for  the  design 
phase  of  the  selected  east-west  runway  alignment,  special  atten¬ 
tion  should  be  paid  in  the  identification  of  all  substantial 
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layers  of  clay  and  sandy  clay  material  that  could  create  confined 
or  perched  water  table  conditions. 

3.  All  test  holes  for  the  design  phase  should  be  completed 
as  water  level  monitor  holes.  Additional  water  level  monitor 
holes  should  be  installed  where  local  conditions  warrant  their 
placement. 

4.  If  a  grade  separated  structure  is  required  to  allow  the 
passage  of  the  Onion  Pacific  Railroad  spur  beneath  the  new  east- 
west  runway  facilities,  a  site  specific  study  should  be  conducted 
to  determine  the  type  of  dewatering  required,  permanent  or 
temporary.  Computer  modeling  may  be  necessary  during  this  study 
to  determine  the  effects  on  the  regional  ground  water  system 
should  dewatering  be  proposed  at  these  sites. 

5.  Prior  to  final  design  of  the  new  runway  facilities,  the 
preliminary  design  plans  should  be  reviewed  by  an  experienced 
ground  water  hydrologist  to  determine  if  dewatering  requirements 
have  changed. 

6.  A  properly  designed  storm  drain  system  should  be  incor¬ 
porated  into  the  runway  and  taxiway  designs.  The  water  collected 
should  be  disposed  of  away  from  the  runway  facilities,  preferably 
through  existing  drainage  structures  that  convey  off-site  storm 
runoff  flows  to  the  "South  Lakes"  located  immediately  north  of 
the  project  site. 

7.  Landscape  irrigation  along  the  new  runway  facilities 
should  be  kept  to  a  minimum.  If  irrigation  is  used,  efficient 
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irrigation  practices  should  be  observed  to  minimize  the  potential 
for  the  creation  of  ground  water  problem  areas  due  to  subsurface 
return  flow  of  the  applied  irrigation  water. 

8.  The  future  development  of  off-site  properties  located  in 
an  up-gradient  direction  of  the  water  table,  south  and  southeast 
of  the  project  site,  should  be  monitored  closely.  If  development 
occurs  within  the  life  span  of  the  runway  facilities,  adverse 
impacts  to  the  shallow  ground  water  system,  as  addressed  in 
Subsection  5.1.9  of  this  report,  may  occur  from  increased  runoff 
and  subsurface  return  flows  from  applied  irrigation  water. 
Computer  modeling  of  the  regional  ground  water  system  may  be 
required  to  determine  the  magnitude  of  these  potential  effects. 

9.  The  purchase  documents  for  land  for  any  runway  should 
recognize  the  value  of  the  available  ground  water  supplies. 


3.0  DRILLING  AND  CONSTRUCTION  OF  TEST/MONITOR  HOLES 


To  obtain  accurate  up-to-date  information  on  subsurface  soil 
conditions  (type  of  material  and  depth  to  bedrock),  water  table 
elevations  and  aquifer  parameters,  a  total  of  46  new  test/monitor 
holes  were  installed  at  34  different  locations  across  the  project 
site  (Figure  2,  Test/Monitor  Hole  Location  Map).  Each  of  the 
water  level  monitor  holes  were  constructed  in  test  borings  first 
utilized  by  Chen  and  Associates,  Inc.  for  subsurface  soil 
sampling  and  testing.  Following  completion  of  soil  sampling, 
each  of  the  Chen  borings  was  completed  for  use  as  a  water  level 
monitor  hole  or  permeability  test  hole  (T/M  Hole). 

The  46  test/monitor  holes  were  drilled  and  constructed 
during  the  period  April  24,  1985,  to  June  24,  1985.  The  drilling 
was  performed  by  Geotechnic  Exploration  Company  of  Denver, 
Colorado,  utilizing  a  truck-mounted  C.M.E.  Model  55  rig.  The 
drilling  utilized  4-inch  continuous  flight  augers  and  6,  7  and 
8-inch  diameter  hollow  augers.  The  type  of  material  encountered 
during  drilling  is  shown  on  the  Logs  of  Test/Monitor  Holes, 
Figures  3,  4  and  5. 

The  drilling  and  construction  of  the  46  test/monitor  holes 
took  place  in  six  phases.  The  locations  of  all  the  test/monitor 
holes  drilled  and  completed  during  the  six  phases  are  shown  on 
Figure  2,  Test/Monitor  Hole  Location  Map.  The  first  phase  of 
drilling  and  construction  involved  the  drilling  of  all 
test/monitor  holes  to  bedrock  or  fully  penetrating  the  alluvial 
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aquifer.  The  intended  use  of  the  Phase  1  test/monitor  holes  was 
three-fold  (1)  to  identify  the  depth  to  bedrock,  (2)  to  determine 
the  saturated  thickness  of  the  alluvial  aquifer,  and  (3)  to  allow 
for  initial  and  periodic  measurement  of  the  depth  to  the  water 
table.  All  Phase  1  test/monitor  holes  were  completed  using  simi¬ 
lar  techniques.  The  construction  details  are  shown  in  Figure  6, 
Typical  Construction  Details  Phase  1  and  2  Test/Monitor  Holes. 
Hand-sawn  slotted  PVC  or  Fiberglass  pipe  (slotted  from  the  top  of 
the  water  table  to  bedrock),  with  a  2.0  to  5.5-foot  plain  section 
of  pipe  and  a  bottom  cap  (Sump)  was  then  placed  in  the  borehole 
and  completed  at  the  surface  with  a  4  to  10-foot  bentonite  sur¬ 
face  seal  and  a  vented  top  cap. 

The  Phase  2  drilling  and  .  construction  of  test  monitor  holes 
was  originally  planned  to  involve  the  drilling  and  completion  of 
test/monitor  holes  that  would  be  used  solely  for  soil  sampling 
and  water  level  measurements.  As  such,  it  was  not  anticipated 
that  the  Phase  2  test/monitor  holes  would  need  to  be  completed  to 
bedrock.  This  depth  limitation  was  conditioned  on  the  Phase  1 
results  that  if  the  actual  depth  to  bedrock  identified  during 
Phase  1  drilling  was  within  10  percent  agreement  with  the 
published  information  on  the  depth  to  bedrock  beneath  the  project 
site,  the  Phase  2  test/monitor  holes  were  to  be  completed  to  a 
minimum  of  ten  feet  below  the  top  of  the  water  table.  This 
criteria,  however,  was  not  met  by  the  majority  of  the  Phase  1 
test/monitor  holes  so  all  of  the  Phase  2  test/monitor  holes  were 
drilled  and  completed  to  bedrock.  The  construction  details  of 
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the  Phase  2  test/monitor  holes  are,  therefore,  the  same  as  the 
Phase  1  test/monitor  holes  as  shown  in  Figure  6. 

Phase  3  test/monitor  holes  were  drilled  and  completed  for  an 
additional  purpose  other  than  their  use  for  soil  sampling  and 
water  level  measurements.  Each  was  completed  to  fully  penetrate 
the  aquifer  and  constructed  to  allow  permeability  testing  of  the 
alluvial  aquifer.  Working  under  the  constraint  that  water  could 
not  be  injected  into  or  withdrawn  from  the  aquifer  during 
testing,  due  to  potential  contamination  problems,  neither  falling 
head,  packer,  or  pump  tests  could  be  performed  to  determine  the 
permeability  of  the  aquifer.  With  these ’ constr a ints ,  each  of  the 
Phase  3  holes  was  designed  and  completed  to  facilitate  per¬ 
meability  testing  utilizing  displacement  slug  testing  techniques. 
The  typical  construction  details  for  the  Phase  3  holes  are  shown 
in  Figure  7,  Typical  Construction  Details,  Phase  3  Test/Monitor 
Holes.  Each  was  completed  with  continuous  slot  PVC  well  screens 
and  gravel  pack  sized  to  retain  80  to  90  percent  of  the 
formation.  Well  screens  and  gravel  pack  designed  to  retain  this 
percent  range  of  the  formation  were  utilized  to  avoid  removing 
d ispr opor tional  amounts  of  the  fine  faction  of  the  formation.  It 
was  felt  that  removal  of  substantial  amounts  of  fines  from  the 
formation  would  result  in  unrepresentative  permeability  values 
calculated  for  the  in-place  formation  material. 

Following  the  first  three  phases  of  test/monitor  hole 
drilling  and  construction,  a  series  of  shallow  test/monitor  holes 
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were  installed  to  investigate  areas  where  perched  water  table 
conditions  were  suspected.  The  Phase  4  test/monitor  holes  were 
installed  in  areas  in  close  proximity  to  the  two  conceptualized 
runway  alignments  where  relatively  substantial  impermeable  or  low 
permeability  layers  of  material  were  encountered  during  initial 
phases  of  drilling.  Essentially  the  same  construction  techniques 
utilized  during  the  first  two  phases  of  test/monitor  hole  comple¬ 
tion  were  employed  on  the  Phase  4  holes,  the  only  difference 
being  that  they  were  completed  at  the  top  of  the  impermeable 
layer  suspected  to  be  causing  perched  water.  The  typical 
construction  details  are  shown  in  Figure  8,  Typical  Construction 
Details  Phase  4  Test/Monitor  Holes.  In  the  vicinity  of  Phase  1 
T/M  Hole  11-1,  the  existence  or  potential  for  perched  water  table 
conditions  was  investigated  by  utilizing  a  dual  completion 
test/monitor  hole.  In  the  vicinity  of  Phase  2  T/M  Holes  12-6  and 
7-1,  dual  completion  test/monitor  holes  were  also  utilized  to 
investigate  two  different  suspected  perched  water  zones.  The 
construction  of  the  dual  completed  test/monitor  holes  are  shown 
on  the  construction  summaries  of  each  test/monitor  hole  in 
Appendix  A. 

Review  of  figures  presenting  typical  construction  details  of 
the  test/monitor  holes  completed  during  the  first  four  phases  of 
drilling  and  the  construction  summaries  contained  in  Appendix  A 
will  reveal  that  several  of  the  test/monitor  holes  were  completed 
with  Expoy  Fiberglass  Resin  pipe.  Although  water  quality 
sampling  was  not  included  in  the  scope  of  our  work  and  was  not 


3-4 


permitted  by  the  Rocky  Mountain  Arsenal  at  the  time  of  our 
investigations,  the  fiberglass  pipe,  whose  inert  qualities  have 
been  E.P.A.  certified,  was  utilized  to  provide  the  ability  to 
obtain  respresentative  water  samples  if  required  at  some  future 
date . 


The  two  test/monitor  holes  completed  during  Phase  5  of 
drilling  (T/M  Holes  11-5  and  12-5)  and  the  two  test/monitor  holes 
done  during  Phase  6  (T/M  Holes  10-1  and  10-2)  were  done  to 

I 

investigate  the  subsurface  soil  conditions  in  areas  where  Chen 
and  Associates  required  additional  data.  T/M  Holes  11-5  and  12-5 
V7ere  drilled  in  the  vicinity  of  pre-existing  observation  holes 
which  provided  depth  to  bedrock  information  and  were  being  uti¬ 
lized  for  water  level  measurements.  Although  these  test/monitor 
holes  were  completed  as  monitor  holes,  water  level  measurements 
are  not  being  taken  or  incorporated  in  this  study. 

T/M  Holes  10-1  and  10-2  were  drilled  and  completed  in  the 
vicinity  of  the  Union  Pacific  Railroad  spur  located  immediately 
west  of  the  southern  tier  in  Section  10.  These  test/monitor 
holes  were  installed  to  investigate  the  soil  and  ground  water 
conditions  in  the  area  where  a  grade  separated  structure  is  con¬ 
ceptualized  to  allow  the  railroad  spur  to  pass  beneath  the 
western  end  of  the  Northern  Alignment  connecting  taxiway  or  the 
western  end  of  runway  Alignment  C.  Each  test/monitor  hole  was 
completed  as  a  water  level  monitor  hole  and  water  level  measure¬ 
ments  are  being  taken  and  incorporated  in  this  study. 
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The  as-built  details  of  the  Phase  5  and  6  hole  are  shown  in 
Appendix  A. 

An  additional  15  pre-existing  alluvial  monitor  holes  were 
also  incorporated  into  this  study.  These  15  monitor  holes  were 
drilled  and  completed  for  previous  studies  on  and  in  the  imme¬ 
diate  vicinity  of  the  project  site.  The  location  of  these  15 
previously  completed  monitor  holes  are  shown  on  Figure  2. 

'  Following  completion  of  the  new  test/monitor  holes,  the 
water  levels  in  the  new  and  the  majority  of  the  pre-existing 
monitor  holes  were  monitored  weekly  for  one  month.  The  changes 
in  water  levels  were  carefully  observed  and  tabulated  and  once 
the  water  levels  had  stabilized  somewhat,  they  were  incorporated 
in  our  overall  analysis.  Water  level  monitoring  is  continuing  on 
a  monthly  basis  to  ascertain  the  magnitude  of  the  seasonal  fluc¬ 
tuation  of  the  water  table. 
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4.0  RESULTS  OF  GROUND  WATER  INVESTIGATION 


4 . 1  General  Results  Over  Entire  Site 

4.1.1  The  Alluvial  Deposits 

Analysis  of  the  boring  logs  of  the  newly  completed 
test/monitor  holes  and  the  pre-existing  monitor  holes  indicates 
that  the  alluvium  underlying  the  project  site  is  comprised  of  5 


to  97 

feet 

of  interbedded  silts,  clays 

,  sands  and 

gravels . 

The 

ind iv idual 

layers 

of  material,  ranging 

in  thickness 

from  a 

few 

inches 

to 

several 

tens  of  feet,  are 

lenticular 

in 

nature 

and 

grade  laterally  over  short  distances  into  differing  lithologies. 
Detailed  descriptions  of  the  types  of  alluvial  material  encoun¬ 
tered  during  drilling  on  the  project  site  are  presented  on 
Figures  3,  4  and  5,  Logs  of  Test/Monitor  Holes.  As  shown  on  the 
logs  of  the  test/monitor  holes  (T/M  Hole)  of  particular  signifi¬ 
cance  are  the  numerous  clay  and  sandy-clay  layers  identified 
during  drilling.  The  importance  of  these  less  permeable  or 
impermeable  layers  of  material  in  the  alluvial  ground  water 
system  underlying  the  site  is  addressed  later  in  this  section  of 
the  report . 

The  minimum  and  maximum  thickness  of  alluvium  found  during 
drilling  on  the  project  site  was  5  feet  (T/M  Hole  7-3)  and  97 
feet  (T/M  Hole  11-1) .  The  thinnest  alluvial  deposits  are  located 
in  the  vicinity  of  a  bedrock  high  located  in  Section  7  and  the 
thickest  deposits  are  located  within  buried  stream  channels 
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situated  in  Section  11  and  12.  The  location  of  the  bedrock  high 
and  the  buried  channels  are  shown  on  Figure  9,  Depth  to  Bedrock 
Contour  Map;  Figure  10,  Bedrock  Contour  Map  and  Figure  11,  Three 
Dimensional  Bedrock  Surface  Block  Diagram. 

4.1.2  The  Denver  Formation 

The  Denver  formation  is  the  uppermost  bedrock  unit 
underlying  the  surficial  alluvium  throughout  the  entire  project 
site.  As  mentioned  above,  the  Denver  formation  is  covered  by  5 
to  97  feet  of  alluvium  across  the  site.  A  small  outcrop  of  the 
Denver  formation  was  located  approximately  70  feet  west  of  T/M 
Hole  7-3  in  the  area  of  the  bedrock  high  in  Section  7.  Figures  9 
and  10  are  bedrock  contour  maps  drawn  on  the  depth  to  and  eleva¬ 
tion  of  the  top  of  the  Denver  formation.  Figure  11  is  a  three 
dimensional  representation  of  the  configuration  of  the  bedrock 
underlying  the  project  site  as  viewed  from  the  southwest  corner 
of  the  site  near  T/M  Holes  10-1  and  10-2.  As  shown  on  the  logs 
of  the  test/monitor  holes.  Figures  3,  4  and  5,  the  bedrock 
encountered  during  drilling  consisted  primarily  of  clay  shales. 
Sandstone  layers  within  the  Denver  formation  were  also  encoun¬ 
tered  in  several  of  the  test/raonitor  holes  completed  in  Section 
11.  The  majority  of  the  sandstone  layers  encountered  were  rela¬ 
tively  thin  and  appeared  to  be  lenticular  in  nature  as  they  were 
not  correlatable  across  the  site.  None  of  the  sandstone  lenses 
appeared  to  be  water  bearing.  A  zone  of  hard,  black  coal  was 
also  encountered  within  the  Denver  formation  in  T/M  Holes  8-3  and 
8-4  located  in  the  northeastern  portions  of  Section  8. 
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4.1.3  The  Alluvial  Aquifer  Conditions 


Lithologic  and  long-term  water  level  data  obtained  from 
the  new  test/monitor  holes  and  the  pre-existing  monitor  holes 
completed  in  the  alluvium  indicate  that  the  hydrologic  conditions 
of  the  alluvial  ground  water  system  beneath  the  project  site  are 
quite  variable  and  controlled  in  part  by  the  complex  interbedded 
lithology  of  the  alluvium  and  in  part  by  the  variable  amount  of 
recharge  contributed  to  the  aquifer. 

The  presence  of  the  numerous  less  permeable  or  impermeable 
layers  of  clay  and  sandy-clay  material  identified  within  the 
alluvium  are  one  of  the  primary  lithologic  variables  controlling 
the  flow  of  ground  water  within  the  alluvial  ground  water  system 
underlying  the  site.  Other  controlling  factors  inherent  to  the 
complex  lithology  of  the  alluvium  include  varying  permeability 
and  transmissivity.  The  importance  of  these  clay  and  sandy-clay 
layers  lies  in  the  fact  that  they  are  relatively  impermeable  and 
as  such  do  not  generally  allow  the  passage  of  significant  amounts 
of  water.  Their  effect  on  the  alluvial  ground  water  system  are 
two-fold : 

1.  In  some  of  the  areas  where  present,  the  clay  and 
sandy  clay  layers  result  in  localized  confined 
water  table  conditions,  i.e.,  the  water  table 
is  confined  or  held  down  below  the  layer (s)  of 
relatively  impermeable  material. 
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2.  The  clay  and  sandy  clay  layers  provide  the  potential 
for  long  term  or  intermittent  perching  of  ground 
water  above  the  alluvial  water  table. 

Although  the  existence  of  these  relatively  impermeable 
layers  result  in  confined  water  table  conditions  beneath  some 
areas  of  the  site,  unconfined  conditions  are  exhibited  in  other 
areas  where  these  impermeable  layers  are  present.  Unconfined 
conditions  are  also  found  to  exist  in  other  areas  of  the  site 
where  these  clay  and  sandy-clay  layers  are  absent.  An  example  of 
confined  conditions  resulting  from  the  presence  of  impermeable 
layers  can  be  seen  when  examining  the  log  of  T/M  Hole  11-4A. 
During  drilling,  water  was  encountered  at  a  depth  of  approximate¬ 
ly  21  feet  below  ground  level,  just  below  a  clay  layer  encoun¬ 
tered  from  17.5  to  21  feet.  Upon  completion,  the  water  level  was 
measured  to  be  14.5  feet  below  ground  level.  The  water  level  had 
risen  6.5  feet  to  a  level  above  the  confining  layer.  Evidence  of 
unconfined  conditions  in  areas  where  substantial  clay  and  sandy- 
clay  layers  are  present  is  shown  on  the  logs  of  T/M  Holes  12-6 

and  12-6A.  Water  level  measurements  indicate  essentially  the 
same  water  levels  in  each  of  these  T/M  holes  even  though  T/M  Hole 
12-6  is  completed  through  a  substantial  clay  layer  penetrated 
from  31  to  43  feet  and  T/M  Hole  12-6A  is  completed  above  this 

same  layer.  Apparently,  due  to  the  lenticular  nature  of  the  clay 

and  sandy-clay  layers,  there  is  direct  hydraulic  connection 

between  the  waters  above  and  below  impermeable  layers  in  some 
areas  of  the  site. 
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4.1.4  The  Practical  Effect  of  Clay  Lavers  on  the  Water  Table 


In  lieu  of  the  confined  water  table  conditions  exhibited  in 
some  portions  of  the  site  and  unconfined  in  others,  the  water 
table  contour  maps  depict  the  configuration  of  an  alluvial  water 
table  assuming  that  the  confining  layers  were  not  present.  It  is 
a  more  valid  representation  of  the  actual  ground  water  conditions 
than  mapping  the  confined  (below  relatively  impermeable  layer) 
water  elevation  or  depth  from  surface.  Mapping  the  depth  to 
and/or  the  elevation  of  the  upper  surface  of  the  confined  ground 
water  would  result  in  a  deceptive  picture  of  the  configuration  of 
the  water  table,  especially  in  areas  located  in  the  future  where 
there  may  be  no  significant  layers  of  impermeable  material  and 
the  water  is  unconfined. 

The  second  important  effect  that  the  relatively  impermeable 
layers  of  clay  and  sandy-clay  have  on  the  alluvial  ground  water 
system  is  the  perching  of  ground  water.  Perched  ground  water  has 
a  more  significant  effect  in  creating  potential  problems  than  the 
confined  and  unconfined  water  table  conditions  previously 
discussed.  To  ascertain  the  existence  of,  or  the  potential  for, 
perched  water  zones  within  the  alluvium,  a  series  of  shallow 
test/monitor  holes  (Phase  4  test/monitor  holes)  were  drilled  and 
completed  in  the  general  areas  of  the  two  conceptualized  east- 
west  runway  alignments.  Each  was  installed  in  areas  where 
earlier  phases  of  drilling  and  completion  of  test/monitor  holes 
indicated  that  perched  water  table  conditions  may  exist  (see 
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Test/Monitor  Holes  Location  Map,  Figure  2).  The  majority  of  the 
Phase  4  T/M  holes  did  not  indicate  perching  of  water  was 
occur ing.  However,  the  dual  completed  T/M  Hole  11-1  did  indicate 
that  perching  of  ground  water  does  occur  in  some  areas  of  the 
project  site.  Water  level  data  obtained  from  T/M  Hole  11-1  indi¬ 
cated  that  the  intermittent  perching  of  ground  water  above  rela¬ 
tively  impermeable  layers  of  material  does  occur.  T/M  Hole  11-1 
was  dual  completed  with  one  column  of  PVC  pipe  installed  to  total 
depth  of  the  drill  hole  and  one  column  of  PVC  pipe  installed 
above  a  clay  layer  suspected  to  be  perching  water.  Initial  water 
level  measurement  taken  in  the  test/monitor  hole  completed  above 
the  clay  layer  indicated  that  the  alluvium  above  the  clay  layer 
was  dry.  Water  level  measurements  taken  following  a  substantial 
rain  indicated  water  was  being  perched  above  the  clay  layer. 
Measurement  taken  approximately  one  month  later  indicated  the 
perched  water  had  drained  off  and  the  alluvium  was  again  dry. 

Even  though  perched  water  table  conditions  were  only  docu¬ 
mented  in  one  area  of  the  project  site,  it  should  be  kept  in  mind 
that  this  is  based  on  widely  spaced  lithologic  and  water  level 
data.  Other  zones  of  perched  water  may  exist .  Areas  of  tem¬ 
porary  ponds  and/or  near  surface  ground  water  have  been  reported 
in  the  eastern  portions  of  the  project  site  by  Rocky  Mountain 
Arsenal  personnel.  Special  attention  should  be  paid  to  the  iden¬ 
tification  of  any  substantial  layers  of  relatively  impermeable 
material,  clay  and  sandy  clays,  encountered  during  final  phases 
of  drilling  on  the  east-west  runway  alignment  chosen  to  be 
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constructed.  Permanent  or  temporary  dewatering  in  areas  of 
perched  water  may  be  required  in  order  to  avoid  adversely 
impacting  runway  facilities.  The  potential  for  creating  shallow 
ground  water  problem  areas  as  a  by-product  of  storm  drainage  and 
landscape  irrigation  should  also  be  carefully  considered  during 
the  design  phase  of  the  runway  facilities. 

4.1.5  Interconnection  of  Alluvium  and  Bedrock 

Before  addressing  the  configuration  of  the  alluvial  ground 
water  table  underlying  the  project  site,  a  brief  discussion  of 
the  inter connectivi ty  of  the  Denver  formation  (bedrock)  and  the 
alluvium  is  warranted.  Previous  work  conducted  in  the  general 
area  of  the  project  site  has  reported  that  in  some  areas  where 
sandstones  within  the  Denver  formation  were  found  to  be  in  con¬ 
tact  with  the  alluvium,  that  significant  amounts  of  ground  water 
were  being  contributed  to  the  alluvium.  Our  initial  investiga¬ 
tions  indicate  that  this  is  generally  not  the  case  beneath  the 
project  site.  As  previously  mentioned,  most  of  the  T/M  holes 
encountered  shales  at  the  contact  with  bedrock.  Where  sandstones 
layers  were  encountered,  the  majority  were  relatively  thin  and 
all  appeared  to  be  lenticular  in  nature  as  they  were  not 
correlatable  across  the  site.  None  of  the  sandstones  encountered 
appeared  to  be  contributing  ground  water  to  the  overlying 
alluvium.  Review  of  the  potent iometr ic  surface  map  of  the  Denver 
aquifer  within  the  Denver  Basin,  (Robson  and  Romero,  1981)  indi¬ 
cated  that  the  potent iometr ic  surface  of  the  Denver  aquifer  is 
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approximately  250  to  350  feet  below  the  existing  ground  surface 
across  the  project  site.  This  is  well  below  the  depths  at  which 
the  permeable  sandstones  were  encountered  which  would  indicate 
that  if  flow  exists,  the  flow  of  ground  water  is  from  the  allu¬ 
vium  into  the  Denver  formation  rather  than  from  the  Denver  for¬ 
mation  into  the  alluvium. 

4.1.6  Present  Alluvial  Flow  Regime 

The  configuration  of  the  alluvial  ground  water  table  at 
the  time  of  our  investigation  is  presented  by  the  map  on  Figure 
12,  The  Existing  Water  Table  Elevation.  The  depth  to  top  of  the 
water  table  is  presented  on  Figure  13,  Existing  Depth  To  Water 
Table . 


The  water  table  gradient  across  the  site  is  towards  the 
northwest.  The  elevation  of  the  water  table  ranges  from  a  high 
of  approximately  5,300  feet  in  the  southeastern  portions  of  the 
project  site.  Sections  7  and  8,  to  a  low  of  5,210  feet  in  the 

northwest  corner  of  the  site.  Section  11.  Some  increase  in  the 

elevation  of  the  water  table  beneath  the  project  site  has 
occurred  in  past  years;  however,  the  configuration  of  the  water 
table  has  not  changed  significantly  from  that  published  in  pre¬ 
vious  works  by  others  dating  back  to  the  1950 's  (Smith  et  al, 

1964;  Romero  and  Ward,  1981).  The  rise  in  water  table  elevation 

and  the  generally  unchanged  configuration  of  the  water  table  can 
be  seen  when  comparing  Figure  12  with  Figures  14  and  15  which 
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depict  the  elevation  and  configuration  of  the  water  table  beneath 
the  project  site  in  1957  and  1981,  respectively.  As  can  be  seen 
when  comparing  Figures  12  and  15,  the  elevation  of  the  water 
table  beneath  the  project  site  has  not  changed  significantly 
since  1981.  Comparison  of  Figures  12,  14  and  15,  however,  indi¬ 
cates  that  approximately  a  ten  foot  rise  in  the  elevation  of  the 
water  table  has  occurred  across  the  site  since  1957.  The  upwards 
fluctuation  in  the  elevation  of  water  table  is  probably  due  to 
increased  surface  runoff  and  subsurface  return  flows  from 
landscape  irrigation  from  off-site  developments  located  south  of 
the  Rocky  Mountain  Arsenal. 

Other  conditions  of  significance  observed  during  our 
investigations  were  the  presence  of  a  bedrock  high  with  an  asso¬ 
ciated  area  of  unsaturated  alluvium  located  in  Section  7  and  the 
existence  of  extensive  buried  stream  channel  system  located  in 
Sections  11  and  12. 

The  bedrock  high  bifurcates  the  generally  northwest¬ 
trending  flow  of  alluvial  ground  water  entering  the  project  site 
beneath  Sections  7  and  8  and  imparts  a  more  north  trending  flow 
direction  in  eastern  portions  of  the  site. 

The  significance  of  the  buried  stream  channel  system  lies 
in  the  fact  that  the  primary  flow  paths  of  the  ground  water 
beneath  the  site  occurs  within  its  confines.  The  flow  of  ground 
water  beneath  the  project  site  is  not  limited  to  the  confines  of 
the  buried  channels.  The  configuration  of  the  buried  channel 
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system  along  the  northern  boundary  of  the  site  was  defined  in 
previous  work  by  the  U.  S.  Army  conducted  in  1982.  However,  the 
configuration  of  the  channel  system  in  the  southern  portions  of 
Sections  11  and  12  was  not  defined  until  data  from  this  study 
were  analyzed. 

The  configuration  of  the  bedrock  high  and  buried  channel 
system  are  shown  on  Figures  9,  10  and  11.  The  bifurcation  of  the 
flow  of  ground  water  entering  the  southeastern  portions  of  the 
site  can  be  seen  on  Figure  12. 

4.1.7  Hydrologic  Characteristics  of  the  Alluvial  Aquifer 

In  defining  the  extent  of  the  saturated  alluvium  and  the 
configuration  of  the  water  table  beneath  the  project  site,  the 
permeability  of  the  alluvial  aquifer  was  determined  to  quantify 
the  amount  of  ground  water  flow  entering  the  site  and  to  provide 
needed  input  if  full  computer  modeling  of  the  alluvial  aquifer 
underlying  the  project  site  is  required  at  some  future  date. 
Determination  of  the  sources  of  recharge  to  the  alluvial  aquifer 
and  calculations  of  the  amount  of  recharge  were  also  made. 

The  most  accurate  method  of  determining  the  permeability 
or  hydraulic  conductivity  of  an  aquifer  as  well  as  other  aquifer 
parameters  such  as  transmissivity  is  through  the  use  of  long-term 
continuous  rate  pump  tests.  Due  to  constraints  imposed  on  the 
investigations,  testing  of  the  alluvial  aquifer  underlying  the 
project  site  utilizing  pump  test  was  not  allowed.  The  injection 
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of  water  into  the  aquifer  for  determination  of  permeability 
through  the  use  of  slug  testing  techniques  was  also  prohibited. 
Under  these  constraints,  permeability  testing  of  the  aquifer  was 
accomplished  utilizing  slug  testing  techniques  involving  the 
displacement  of  the  in  place  ground  water.  As  discussed 
previously.  Phase  3  T/M  Holes  11  —  1,  11-4,  12  —  2,  12-4A  and  8  — 3B 
were  constructed  to  facilitate  this  type  of  slug  testing.  Each 
test/monitor  hole  constructed  for  slug  testing  was  developed  by 
surging  techniques  using  the  natural  in  place  ground  water. 

An  In-Situ,  Inc.  Model  SEIOOOA  hydrologic  monitor  system 
incorporating  a  pressure  transducer,  was  utilized  to  measure  the 
changes  in  water  level  when  a  known  volume  of  water  was  intro¬ 
duced  or  removed  from  the  water  in  storage  via  displacement  with 
a  section  of  closed  end  pipe.  The  results  of  each  test  were 
tabulated  and  permeability  values  calculated  using  interpretation 
techniques  developed  by  Hvorslev,  1951,  and  Bouwer  and  Rice, 
1976  .  The  test  results  are  presented  on  Table  1.  The  per¬ 
meabilities  calculated  from  the  slug  test  were  in  the  10“2  to 
10“3cm/sec  range.  The  maximum  permeability  calculated  from  the 
slug  tests  was  0.18  cm/sec.  (509.04  ft/day)  in  T/M  Hole  11-4 
located  within  the  buried  channel  system  in  Section  11  and  the 
minimum  permeability  was  found  to  be  .0031  cm/sec  (8.77  ft/day) 
in  T/M  Hole  12-4  located  in  the  vicinity  of  the  bedrock  high 
identified  in  Section  7.  The  permeability  values  calculated  from 
slug  tests  are  only  representative  of  the  material  close  to  the 
point  of  testing.  The  permeabilities  were  found  to  be  highly 
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variable  due  to  the  complex  nature  of  the  alluvium,  but  are 
within  the  ranges  of  permeabilities  calculated  from  other  area 
pump  tests  conducted  in  the  vicinity  of  the  project  site 
(Blatchley  Associates,  Inc.  1980;  U.  S.  Army,  May  1982). 

Utilizing  an  average  permeability  value  of  ,0703  cm/sec. 
(198.81  ft/day)  in  the  western  portions  of  the  project  site  in 
the  vicinity  of  the  buried  channel  system,  a  value  of  .0068 
cm/sec  (19.23  ft/day)  in  the  eastern  portions  of  the  site,  the 
'average  hvdraulic  gradients  obtained  from  the  water  table  contour 
map  and  the  average  cross  sectional  areas  perpendicular  to  the 
flow,  it  is  estimated  that  approximately  11  million  gallons  per 
day  (17  cubic  feet  per  second)  of  alluvial  ground  water  is  pre¬ 
sently  flowing  into  the  project  area.  The  majority  of  the  flow 
of  ground  water  entering  the  project  site  is  along  the  southern 
boundaries  of  Sections  11  and  12  through  the  buried  stream  chan¬ 
nel  system  which  traverses  the  western  portions  of  the  site  in  a 
northwesterly  direction. 

Recharge  to  the  alluvial  aquifer  underlying  the  project 
site  naturally  occurs  from  precipitation,  seepage  from  First 
Creek  and  ground  water  inflow  from  the  south  and  southeast.  The 
aquifer  also  receives  intermittent  and  continual  recharge  from 
several  on  or  near  site  sources.  Intermittent  sources  of 
recharge  from  on-site  sources  include  seepage  from  the  High  Line 
Lateral,  the  Havana,  Joliet  and  Uvalda  Streets  storm  drain  inter¬ 
ceptors,  the  southern  of  the  two  Havana  Street  Lakes  and  that 
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portion  of  the  Sand  Creek  Lateral  used  to  convey  water  from  the 
Havana  Street  interceptor  system  to  the  "South  Lakes"  along  the 
northern  boundary  of  the  project  site.  Sources  of  continual 
recharge  include  the  northern  of  the  two  Havana  Street  Lakes  and 
the  South  Lakes,  i.e.,  Ladora,  Upper  and  Lower  Derby  Lakes. 

An  aquifer  recharge  rate  of  approximately  0.25  feet  per 
year  (0.25  acre  feet  per  acre  of  land)  was  estimated  which  in¬ 
cludes  precipitation  and  the  intermittent  and  continual  sources 
of  recharge  listed  above.  Due  to  the  intermittent  nature  of 
several  of  these  sources  of  recharge,  the  amount  of  recharge 
calculated  is  quite  variable.  The  recharge  rate  of  0.25  feet  per 
year  may  need  refinement  or  adjustment  during  model  calibration 
if  computer  modeling  of  the  alluvial  ground  water  system 
underlying  the  project  site  is  required  at  some  future  date. 

4 . 2  Results  In  Immediate  Vicinity  of  Conceptualized  Bast-West 

Runway  Alignments 

Two  runway  alignments  have  been  conceptualized  for  the  east- 
west  runway  proposed  to  be  constructed  on  the  project  site.  The 
two  alignments  have  been  designated  the  Northern  Alignment  and 
Alignment  C.  The  locations  of  the  alignments  are  shown  on 
Figures  16  and  17.  Figure  16  shows  the  location  of  the  Northern 
Alignment  and  Figure  17  Alignment  e.  The  configuration  of  the 
water  table  in  the  vicinity  of  each  respective  runway  alignment 
is  also  shown  on  these  figures. 

All  stationing  of  the  proposed  alignments  refer  to 
Centennial  Engineering,  Inc.  Stationing  established  as  of  July 
24,  1985. 
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4.2.1  Northern  Alignment-Runway 


As  can  be  seen  on  Figure  16,  the  elevation  of  the  present 
water  table  in  the  vicinity  of  the  Northern  Alignment  ranges  from 
a  high  of  approximately  5280  feet  at  the  eastern  end  of  the 
runway.  Station  128  +  00  ,  to  a  low  of  about  5237  feet  at  the  west 
end  of  the  runway.  Station  8+00.  The  alignment  crosses  an  area 
of  unsaturated  alluvium  between  Station  88+00  and  approximately 
Station  116+00. 

The  Northern  Alignment  also  traverses  an  area  of  known 
contamination  located  between  approximately  Station  24+00  to 
approximately  Station  40+00.  The  area  of  known  contamination 
coincides  with  the  Rod  and  Gun  Club  pond  (Dames  and  Moore,  1985). 
The  general  location  of  the  contaminated  area  is  shown  on  the 
Test/Monitor  Hole  Location  Map,  Figure  2,  and  its  location  in 
regards  to  the  Northern  Alignment  is  shown  on  Figure  16. 

Examination  of  the  conceptualized  construction  details  of 
the  runway  shown  on  cross-sections  provided  by  Centennial 
Engineering,  Inc.  indicates  that  the  water  table  is  below  the 
maximum  expected  excavation  elevation  of  the  runway  and  taxiway 
along  the  entire  length  of  the  Northern  Alignment.  The  water 
table,  however,  is  close  to  the  maximum  expected  excavation  ele¬ 
vation  at  the  western  end  of  the  alignment.  Station  8  +  00  to 
28  +  00.  The  present  water  table  at  this  end  of  the  alignment  is 
only  1  to  2  feet  below  the  maximum  expected  excavation  elevation. 
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Dewatering  or  lowering  of  the  water  table,  assuming  it 
does  not  change,  will  not  be  required  along  the  Northern 
Alignment  except  for  possible  temporary  dewatering  during  fill 
placement  in  the  vicinity  of  the  Rod  and  Gun  Club  pond  and  during 
construction  at  the  western  end  of  the  runway  where  the  water 
table  is  1  to  2  feet  below  the  expected  excavation  elevation. 
Station  8+00  to  Station  28+00.  Temporary  dewatering  may  also  be 
required  during  construction  of  the  drainage  structures  allowing 
the  intermittent  flow  in  the  Uvalda  Street  Interceptor’  system 
ditch  and  the  High  Line  Lateral  to  pass  beneath  the  runway.  A 
re-evaluation  of  the  need  for  temporary  dewatering  at  these  loca¬ 
tions  should  be  made  when  the  proposed  designs  of  these  struc¬ 
tures  are  made  available. 

4.2.2  Northern  Alignment-Taxiways 

Further  examination  of  Figure  16  shows  that  the  elevation 
of  the  water  table  in  the  proximity  of  the  taxiway  connecting  the 
Northern  Alignment  with  the  existing  airport  facilities  ranges 
from  about  5340  feet  where  the  taxiway  connects  into  the  western 
end  of  the  runway.  Station  585+00,  to  a  low  of  approximately  5225 
feet  at  the  connection  to  the  existing  north-south  runway  in 
Section  10  (Station  500+00). 

As  during  the  evaluation  of  the  Northern  Alignment,  con¬ 
ceptualized  construction  details  depicted  on  cross-sections  along 
stationing  were  utilized  to  evaluate  the  need  for  dewatering 
along  the  connecting  taxiway.  The  water  table  was  found  to  be 
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well  below  the  maximum  expected  excavation  elevation  except  at 
Station  584+00  just  before  the  taxiway  connects  into  the  western 
end  of  the  runway.  The  water  table  is  only  2  feet  below  the 
expected  excavation  elevation  on  the  northern  of  the  two  taxiways 
at  Station  584  +  00  and  is  at  an  elevation  equivalent  to  the 
expected  excavation  elevation  at  Station  584+00  on  the  southern 
taxiway.  Temporary  dewatering  may  be  required  during  construc¬ 
tion  at  this  end  of  the  connecting  taxiway  system.  As  stated 
above,  the  water  table  is  well  below  the  maximum  expected  excava¬ 
tion  elevation  along  the  majority  of  the  connecting  taxiway. 
This  is  because  the  taxiway  overlies  the  deepest  portions  of  the 
old  buried  stream  channel  system  that  underlies  the  western  por¬ 
tions  of  the  project  site.  In  fact,  the  elevation  of  the  water 
table  along  the  taxiway  is  well  enough  below  expected  excavation 
elevations  that  temporary  dewatering  should  not  be  required  for 
the  construction  of  the  Havana  Street  Interceptor  drainage  struc¬ 
ture  beneath  the  connecting  taxiway. 

If  the  existing  Union  Pacific  Railroad  spur  crossing  the 
connecting  taxiway  near  Station  516+00  is  not  rerouted  around  the 
new  runway  facilities,  a  grade  separated  structure  may  be 
required  to  allow  the  railroad  spur  to  pass  beneath  the  taxiway. 
Depending  upon  design,  permanent  or  temporary  dewatering  to  lower 
the  water  table,  if  the  present  elevation  persists,  will  be 
required  as  it  is  expected  the  invert  of  the  structure  will  be 
tens  of  feet  into  bedrock  and  well  below  the  water  table. 
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4.2.3  Alignment  C-Runway 


The  elevation  of  the  water  table  in  the  vicinity  of 
Alignment  C  is  shown  on  Figure  17.  The  elevation  of  the  water 
table  along  the  course  of  this  alignment  ranges  from  a  high  of 
approximately  5,270  feet  at  the  eastern  end  of  the  runway. 
Station  320+00,  to  a  low  of  about  5,225  feet  at  the  western  end. 
Station  200+00. 

Analyses  of  the  cross-sections  depicting  conceptualized 
design  of  the  runway  and  taxiway  along  this  alignment,  assuming 
the  ground  water  elevations  do  not  change,  indicate  that  the 
water  table  is  substantially  below  the  maximum  expected  excava¬ 
tion  elevations  except  near  the  far  eastern  end  of  the  taxiway. 
The  elevation  of  the  water  table  ranges  from  21  to  9  feet  below 
the  maximum  expected  excavation  elevations  along  the  course  of 
the  runway  from  Station  200+00  to  Station  320+00,  respectively. 

The  substantial  depth  at  which  the  water  table  underlies 
the  runway  along  Alignment  C  precludes  the  need  for  any  lowering 
of  the  water  table  to  construct  and/or  protect  the  runway 
facilities.  There  may  be,  however,  a  need  for  temporarily 
lowering  the  water  table  where  the  Uvalda  Street  Interceptor 
system  ditch  will  be  passed  beneath  the  runway  between  approxi¬ 
mately  Station  298+00  and  Station  308+00.  The  present  water 
table  is  only  about  1  to  3  feet  below  the  expected  excavation 
elevations  for  the  two  structures  anticipated  to  be  constructed. 
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As  is  the  case  with  the  Northern  Alignment  connecting 
taxiway,  a  grade  separated  structure  may  be  required  to  allow  the 
existing  Union  Pacific  Railroad  spur  to  pass  beneath  Alignment  C 
in  the  proximity  of  Station  209+00.  Again,  depending  upon 
design,  permanent  or  temporary  dewatering  to  lower  the  water 
table,  if  the  present  elevation  persists,  will  be  required  as  it 
is  expected  the  invert  of  the  structure  will  be  tens  of  feet  into 
bedrock  and  well  below  the  water  table. 

4.2.4  Alignment  C-Taxiways 

The  present  elevation  of  the  water  table  along  the  course 
of  the-  paralleling  taxiway  ranges  from  18  feet  below  the  expected 
excavation  elevation  at  Station  200+00  to  3  feet  below  at  Station 
320  +  00  .  Only  at  the  extreme  eastern  end  of  the  taxiway  from 
Stations  312+00  to  320+s00  is  the  present  water  table  relatively 
close,  3  to  5  feet,  to  the  maximum  expected  excavation 
elevat ions  . 

4 . 3  Predicted  Future  Conditions 

The  construction  of  the  new  east-west  runway  facilities  at 
either  the  Northern  Alignment  or  Alignment  C  should  not  adversely 
impact  the  alluvial  ground  water  system  beneath  the  project  site. 
The  initial  investigations  indicate  that  a  permanent  lowering  of 
the  water  table  will  not  be  required  along  either  alignment 
except  possibly  in  the  vicinity  of  the  Union  Pacific  Railroad 
spur.  Generally,  the  ground  water  will  flow  unobstructed  by  the 
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runway  facilities;  hence,  continuing  its  northwestern  course  to 
the  South  Platte  River.  The  potential  effects  on  the  alluvial 
ground  water  system  as  a  result  of  constructing  a  grade  separated 
structure  allowing  the  passage  of  the  railroad  spur  beneath  the 
Northern  Alignment  connecting  taxiway  and  Alignment  C  will  depend 
upon  the  design  and  operation  of  the  permanent  or  temporary  dewa¬ 
tering  system.  Any  adopted  design  for  the  grade  separation 
should  not  diminish  the  quantity  of  ground  water  but  could  alter 
the  ground  water  flow  regime  somewhat.  These  issues  should  be 
addressed  in  a  separate  site  specific  study  should  the  grade 
separation  be  included  as  a  specific  alternative. 

Accurate  prognostication  of  future  ground  water  conditions 
beneath  the  project  site  within  the  life  span  of  the  proposed 
temporary  runway  facilities  is  difficult  to  make  without  the  use 
of  a  very  sophisticated  computer  model  of  the  regional  ground 
water  system.  Even  then,  the  future  development  assumptions  are 
subject  to  speculation.  Much  of  the  development  in  the  region  is 
already  reflected  in  the  ground  water  systems.  However,  several 
factors  that  may  adversely  influence  the  condition  of  the  allu¬ 
vial  ground  water  system  as  documented  and  defined  herein  should 
be  considered. 

The  configuration  of  the  alluvial  ground  water  table  beneath 
the  project  site  was  determined  utilizing  water  level  data 
obtained  over  a  relatively  short  period  of  time,  approximately 
four  months.  The  elevation  of  the  water  table  beneath  any  por¬ 
tion  of  the  project  site  will  vary  depending  upon  the  time  of 
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year.  Water  level  measurements  are  continuing  to  be  obtained  to 
determine  the  magnitude  of  the  seasonal  fluctuation  of  the  water 
table.  Once  established,  the  conceptualized  or  proposed  design 
of  the  new  east-west  runway  facilities  should  be  re-examined  to 
determine  if  the  seasonal  flcutuation  of  the  water  table  will 
adversely  impact  runway  and  taxiway  construction.  In  lieu  of  the 
fact  that  the  water  table  is  sufficiently  below  the  maximum 
expected  excavation  elevations  along  the  majority  of  both  runway 
alternatives,  a  fairly  substantial  upward  fluctuation  of  the 
water  table  would  have  to  occur  to  create  .  a  problem.  This  is 
especially  true  in  the  vicinity  of  Alignment  C. 

Increased  or  concentrated  amounts  of  precipitation  runoff 
will  occur  in  the  immediate  area  of  the  newly  constructed  runway 
facilities.  If  this  runoff  is  not  controlled  through  the  use  of 
a  storm  drain  system,  the  additional  amount  of  water  contributed 
to  the  ground  water  system  may  result  in  the  creation  of  loca¬ 
lized  ground  water  problem  areas.  The  water  collected  in  the 
storm  drain  system  should  be  disposed  of  away  from  the  immediate 
vicinity  of  the  runway  and  taxiway  system  so  that  potential 
problem  areas  are  not  mitigated  in  one  area  and  created  in 
another . 

Subsurface  return  flows  of  applied  landscape  irrigation 
water  may  also  adversely  impact  ground  water  conditions  close  to 
the  runway  facilities.  Irrigation  of  runway  and  taxiway 
landscaping,  if  included,  should  be  held  to  a  minimum  and  effi¬ 
cient  irrigation  practices  observed  to  minimize  effect  to  the 
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water  table.  The  potential  exists  for  creating  areas  where 
ground  water  may  be  mounded  near  the  surface  or  critically  near 
foundations  of  the  runways  and  taxiways  because  of  impermeable  or 
less  permeable  layers  of  material  within  the  underlying  alluvium. 

The  amount  of  ground  water  currently  entering  the  alluvial 
aquifer  underlying  the  project  site  may  be  increased  at  some  time 
in  the  future  as  development  of  off-site  properties  takes  place. 
Much  of,  but  not  all,  the  property  situated  south  of  the  project 
site  is  already  developed.  The  surface  and  ground  water  impact 
has  been  and  is  being  felt  on  the  project  site.  However, 
depending  upon  the  nature,  and  extent  of  the  development  of  lands 
east  and  southeast  of  the  site,  increased  amounts  of  water  from 
runoff  and  subsurface  irrigation  return  flows  will  contribute  to 
the  ground  water  system  on  the  Southern  Tier  which  may  result  in 
an  elevated  water  table  and  the  subsequent  creation  of  ground 
water  problem  areas  in  proximity  to  runway  facilities.  Even 
though  a  ten  year  life  span  is  anticipated  for  the  new  east-west 
runway  facilities,  the  development  of  these  off-site  properties 
should  be  monitored  closely  and  their  potential  effects  to  the 
regional  alluvial  ground  water  system  investigated. 


5.0  CONCLOSIONS  AND  RECOMMENDATIONS  OF 
GROUND  WATER  INVESTIGATION 

5 . 1  General  Conclusions 

The  shallow  ground  water  investigations  conducted  on  the 
Southern  Tier  of  the  Rocky  Mountain  Arsenal  did  not  confirm  the 
existence  of  any  ground  water  problem  areas  where  large  scale 
dewatering  to  lower  the  ground  water  table  would  be  required  to 
construct  either  of  the  two  east-west  runway  alternatives  planned 
by  Stapleton  International  Airport.  A  few  potential  ground  water 
problem  areas  in  the  vicinity  of  the  two  conceptualized  runway 
alignments  may  require  a  temporary  lowering  of  the  water  table 
during  and/or  following  construction.  Permanent  lowering  of  the 
water  table  is  quite  remote.  The  potential  for  future  ground 
water  problem  areas  were  also  identified. 

5.1.1  General  Alluvial  Aquifer  Conditions 

The  subsurface  soil  conditions  across  the  site  were  found  to 
be  very  erratic.  The  alluvial  deposits  generally  consist  of  a 
very  thin  to  relatively  thick  sequence  of  interbedded  layers  of 
silts,  clays,  sands  and  gravels  with  varying  hydraulic  character. 
The  thickness  of  the  alluvial  deposits  underlying  the  project 
site  was  found  to  range  from  5  to  97  feet  thick  across  the  site. 
The  thinnest  deposits  occurring  in  the  vicinity  of  a  bedrock  high 
identified  in  eastern  portions  of  the  site.  Section  7,  Township  3 
South,  Range  66  West,  and  the  thickest  deposits  occurring  in  the 
vicinity  of  an  extensive  buried  stream  channel  system  traversing 
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the  western  portions  of  the  site  in  Seotions  11  and  12,  Township 
3  South,  Range  67  West. 

5.1.2  General  Bedrock  Conditions 

The  uppermost  bedrock  unit  underlying  the  project  site  was 
confirmed  to  be  the  interbedded  shales,  siltstones  and  sandstones 
of  the  Denver  formation.  Although  some  areas  were  identified 
where  sandstone  layers  within  the  Denver  formation  were  in  con¬ 
tact  with  the  alluvium,  they  were  found  to  be  relatively  thin, 
discontinuous  and  appeared  not  to  be  water  bearing.  As  a  result, 
it  appears  that  the  Denver  formation  aquifer  is  not  contributing 
water  to  the  overlying  alluvium  within  the  confines  of  the  pro¬ 
ject  site . 

5.1.3  Confined  Water  Table  Condition 

Of  significant  importance  were  the  identification  of 
numerous  layers  of  relatively  impermeable  material,  clays  and 
sandy  clays,  located  throughout  the  alluvial  deposits  underlying 
the  site,  resulting  in  localized  confined  water  table  conditions. 
Due  to  the  lenticular  and  discontinuous  nature  of  these  clay  and 
sandy  clay  layers,  however,  the  water  contained  in  the  alluvium 
is  not  separated  into  two  distinct  aquifer  zones.  Unconfined 
water  table  conditions  were  found  where  these  relatively  imper¬ 
meable  layers  of  material  were  absent  and  in  some  areas  where 
they  were  present.  The  water  table  contour  map.  Figure  12, repre¬ 
sents  the  present  configuration  of  the  water  table  which  is  a 
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combination  of  the  unconfined  water  table  and  the  potent ioraetr ic 
head  in  the  areas  where  confined  water  table  conditions  exist. 

5.1.4  Perched  Water  Table  Conditions 

The  presence  of  the  clay  and  sandy-clay  layers  results  in 
minor  perching  of  ground  water  above  the  water  table.  Although 
perched  zones  were  identified  only  in  one  area,  other  zones  may 
exist.  Future  drilling  programs  conducted  on  the  runway  align¬ 
ment  selected  for  construction  of  the  new  east-west  runway  facil¬ 
ities  should  take  special  precaution  in  identifying  all 
substantial  layers  of  clay  and  sandy  clay  that  may  provide  the 
potential  for  perched  water  zones  during  construction. 

5.1.5  Site  Water  Table  Configuration 

The  configuration  of  the  water  table,  as  determined  by  the 
present  investigations,  has  not  changed  significantly  in  the  past 
twenty-eight  years.  The  water  table  gradient  across  the  site  is 
generally  to  the  northwest  towards  the  South  Platte  River; 
however,  in  the  extreme  eastern  portions  of  the  site  a  bedrock 
high  bifurcates  the  incoming  flow  of  ground  water  entering  the 
site  from  the  southeast  and  redirects  the  flow  in  a  more  northern 
direction. 

5.1.6  Alluvial  Aquifer  Recharge 

Recharge  to  the  alluvial  aquifer  underlying  the  site  is  pri¬ 
marily  from  precipitation  and  the  inflow  of  ground  water  from  the 
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south  and  southeast.  The  aquifer  also  receives  continual  and 
intermittent  recharge  from  on-site  and  near-site  sources 
including  seepage  from  First  Creek,  the  High  Line  Lateral,  the 
storm  and  ground  water  drainage  systems  that  enter  and  cross  the 
project  site  including  the  Havana  Street,  Joliet  and  Uvalda 
Street  Interceptors,  Havana  Street  Lakes  and  the  South  Lakes 
located  immediately  north  of  the  project  site. 

The  construction  of  the  new  east-west  runway  facilities  will 
result  in  increased  or  concentrated  amounts  of  precipitation 
runoff  being  contributed  to  the  local  ground  water  system.  The 
results  may  be  either  a  localized  rise  in  the  water  table  or  the 
creation  of  areas  where  water  is  mounded  above  the  water  table  on 
layers  of  impermeable  material.  A  properly  designed  storm  drain 
system  should  be  incorporated  in  the  runway  and  taxiway  design  to 
avoid  the  creation  of  problem  areas. 

Due  to  the  apparent  lenticular  and  discontinuous  nature  of 
the  relatively  impermeable  layers  of  materials,  only  one  ground 
water  table  exists  across  the  project  site.  Subsurface  return 
flows  from  landscape  irrigation  on  the  newly  constructed  runway 
facilities  may  result  in  a  localized  rise  of  the  water  table  or 
be  mounded  on  relatively  impermeable  layers  of  material.  Both 
results  may  create  ground  water  problem  areas  that  may  adversely 
affect  the  runway  facilities. 
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5.1.7  Aluvial  Aquifer  Parameters  and  Flows 


Aquifer  testing  conducted  during  the  investigations  indi¬ 
cated  the  hydraulic  conductivity  (permeability)  of  the  alluvial 
aquifer  underlying  the  project  site  was  quite  variable,  ranging 
from  0.18  cm/sec  (509.04  ft/day)  in  the  western  portions  of  the 
site  to  .0068  cm/sec  (19.23  ft/day)  in  the  eastern  portion  of  the 
site.  As  would  be  expected,  the  higher  permeability  values  coin¬ 
cide  with  the  large  buried  stream  channel  system  and  the  lower 
permeabilities  where  the  alluvial  deposits  are  thinnest,  in  the 
eastern  portions  of  the  project  site. 

Utilizing  average  permeability  values  and  average  water 
table  gradients,  approximately  11  million  gallons  per  day  may  be 
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5.1.8  Water  Table  and  Runway  Construction 

Comparison  of  the  elevations  of  the  water  table  in  proximity 
to  the  two  conceptualized  east-west  runway  alignments  with  the 
maximum  expected  excavation  elevations  along  these  alignments 
indicates  that  large  scale  dewatering  will  not  be  required. 
Temporary  dewatering  during  construction  of  the  Northern 
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Alignment 

may 

be  required  at 

the 

western 

end  of  the 

runway  and 

where  it 

will 

cross  over  the 

Rod 

and  Gun 

Club  pond. 

the  Uvalda 

Interceptor  system  ditch  and  the  High  Line  Lateral.  The  need  for 
temporary  dewatering  will  depend  on  final  design  of  the  runway 
and  taxiway  and  the  structures  constructed  allowing  the  Uvalda 
Interceptor  and  High  Line  Lateral  to  pass  beneath  them. 
Temporary  or  permanent  dewatering  will  be  required  if  a  grade 
separated  structure  is  constructed  to  pass  the  existing  railroad 
spur  beneath  the  western  end  of  the  Northern  -Alignment  connecting 
taxiway.  The  type  of  dewatering  required  will  depend  upon  the 
final  design  of  the  structure. 

Temporary  dewatering  may  be  required  at  the  extreme  eastern 
end  of  .  the  taxiway  paralleling  Alignment  C  and  where  the  runway 
and  taxiway  cross  the  Uvalda  Interceptor  system  ditch.  Temporary 
dewatering  may  be  required  if  the  existing  railroad  spur  located 
at  the  western  end  of  Alignment  C  is  not  rerouted  and  a  grade 
separated  structure  is  constructed  to  allow  it  to  pass  beneath 
the  runway.  A  need  for  a  permanent  and  full  time  dewatering 
system  will  depend  on  the  design  of  the  railroad  spur. 

Although  large  scale  dewatering  to  lower  the  water  table 
will  not  be  required  along  either  of  the  two  conceptualized  run¬ 
way  alignments.  Alignment  C  generally  appears  to  be  a  more 
favorable  location  for  the  construction  of  the  new  east-west  run¬ 
way  than  the  Northern  Alignment.  Even  though  a  temporary  or  per¬ 
manent  lowering  of  the  water  table  may  be  required  if  the 
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railroad  spur  underpass  is  constructed  at  the  western  end  of 
Alignment  C  and  some  temporary  dewatering  may  be  required  at  the 
eastern  end  of  the  taxiway  paralleling  Alignment  C,  the  water 
table  underlies  this  alignment  at  greater  depths  than  along  the 
Northern  Alignment.  Another  advantage  of  Alignment  C  is  that  it 
will  not  cross  any  areas  of  known  contamination. 

5.1.9  Off  Site  Development 

The  future  development  of  off-site  properties  located  south, 
east  and  southeast  of  the  project  site  which  are  upgradient  from 
the  project  site  may  adversely  impact  the  alluvial  ground  water 
system  underlying  the  site  at  some  future  date.  Adverse  impacts 
may  include  a  general  rise  in  the  water  table  or  the  creation  of 
ground  water  problem  areas  where  water  is  mounded  above  the  water 
table  by  layers  of  relatively  impermeable  material  within  the 
alluvium.  The  potential  adverse  effects  from  increased  runoff 
and/or  increased  subsurface  return  flows  from  landscape  irriga¬ 
tion  will  need  to  be  evaluated  at  some  time  in  the  future  if 
development  occurs  within  the  life  span  of  the  new  east-west  run¬ 
way  facilities. 

5 . 2  Recommendations 

The  recommendations  for  the  project  site  are  intended  to 
address  both  the  existing  conditions  of  the  alluvial  ground  water 
system  beneath  the  project  site  and  the  potential  for  future 
ground  water  problem  areas  ascertained  during  the  course  of  our 
study . 
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5.2.1  Ground  Water  Monitoring 


It  is  recommended  that  the  ongoing  monitoring  of  water 
levels  be  continued  until  at  least  June  1986  with  at  least 
quarterly  monitoring  through  the  construction  period. 
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facilities . 

After  the  magnitude 

of 
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is 
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the  conceptualized  or  proposed  design  of  the  runway  and  taxiways 
should  be  re-reviewed  to  ascertain  possible  adverse  effects. 

5.2.2  Final  Design  Drilling  Program 

W-hen  an  alignment  for  the  new  runway  facilities  is  selected 
and  a  final  site  specific  drilling  program  is  conducted,  special 
observation  should  be  made  of  all  substantial  layers  of  clay  and 
sandy  clay  materials.  The  presence  of  these  relatively  imper¬ 
meable  layers  can  result  in  confined  and/or  perched  water  table 
conditions,  both  of  which  can  adversely  impact  the  runway 
facilities  . 

All  test  holes  of  the  final  drilling  program  should  be 
completed  as  water  level  monitoring  holes  to  verify  site  specific 
ground  water  conditions.  Anomolies  in  the  water  table  may  exist 
between  the  widely  spaced  test/monitor  holes  completed  during 
this  study.  Additional  water  level  monitor  holes  other  than 
those  completed  in  the  final  test  hole  drilling  may  be  required 
where  local  conditions  warrant  their  placement. 
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5.2.3  Dewater incf-Runway  Alternates 


Prior  to  final  design  of  the  new  runway  facilities,  the 
proposed  design  plans  should  be  reviewed  to  determine  if  the  need 
for  general  dewatering  to  lower  the  water  table  has  changed  from 
those  observed  for  the  present  Northern  Alignment  and  Alignment 
C.  If  said  review  indicates  that  large  scale  dewatering  is 
required,  computer  modeling  of  the  alluvial  ground  water  system 
may  be  necessary  to  evaluate  the  effect  such  dewatering  will  have 
on  the  regional  ground  water  system. 

5.2.4  Dewatering-Railroad  Spur 

Regardless  of  which  runway  alignment  is  selected  for 
construction  of  the  new  east-west  runway  and  if  the  railroad  spur 
is  lowered  below  the  ground  surface,  a  site  specific  study  should 
be  done  to  determine  the  type  of  dewatering,  permanent  or 
temporary,  that  will  be  required.  Computer  modeling  may  be 
necessary  to  determine  the  effect  to  the  regional  ground  water 
system  from  this  dewatering. 

5.2.5  Storm  Drain  System 

A  properly  designed  storm  drain  system  should  be  incor¬ 
porated  into  the  runway  and  taxiway  design  to  control  the 
increased  or  concentrated  amounts  of  precipitation  runoff  that 
will  result  following  construction.  The  water  collected  by  the 
storm  drain  system  should  not  be  permanently  discharged  close  to 
the  runway  facilities.  To  avoid  the  possible  creation  of  ground 
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water  areas,  the  water  collected  should  be  discharged  to  the 
existing  drainage  structures  that  convey  runoff  water  to  the 
South  Lakes,  north  of  the  project  site. 

5.2.6  Landscape  Irrigation 

Landscape  irrigation  along  the  runway  facilities  should  be 
kept  to  a  minimum.  Subsurface  return  flows  from  irrigation  may 
cause  a  localised  rise  in  the  elevation  of  the  water  table  and/or 
result  in  mounding  water  above  relatively  impermeable  layers  of 
material  within  the  alluvium.  Both  of  these  potential  results 
could  adversely  impact  the  runway  operations. 

If  the  landscape  along  the  runv/ay  and  taxiway  alignment  is 
irrigated,  efficient  irrigation  practices  should  be  observed  to 
minimize  effects  that  may  increase  the  height  of  the  water  table 
and  create  ground  water  problems. 

5.2.7  Off-Site  Development 

The  future  development  of  off-site  properties  located  pri¬ 
marily  east  and  southeast  of  the  project  site,  which  is  in  an  up- 
gradient  direction  of  the  ground  water  table,  should  be  monitored 
closely.  Depending  on  the  type  of  development,  increased  runoff 
and  subsurface  return  flows  from  applied  landscape  irrigation  may 
adversely  impact  the  alluvial  ground  water  system  beneath  the 
project  site.  If  the  life  of  the  proposed  runway  is  limited,  the 
effect  of  off-site  development  may  not  be  a  significant  factor. 
If  the  life  of  the  runway  is  extended,  computer  modeling  of  the 
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regional  ground  water  system  may  be  required  to  determine  the 
magnitude  of  the  potential  effects. 
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6.0  GROUND  WATER  RIGHTS 


6 . 1  Alluvial  Wells  -  Tributary  to  the  South  Platte  River 

Ground  water  saturates  much  of  the  permeable  surficial  allu¬ 
vial  deposits  underlying  the  Southern  Tier  of  the  Rocky  Mountain 
Arsenal.  The  alluvial  deposits  consisting  of  a  complex  sequence 
of  interbedded  silts,  clays,  sands  and  gravels,  ranges  in 
thickness  from  five  to  ninety-seven  feet  across  the  project  site. 
The  gradient  of  the  alluvial  water  table  across  the  site  is  to 
the  northwest  towards  the  South  Platte  River.  The  ground  water 
contained  in  the  alluvial  deposits  is . hydraulically  connected  to 
the  South  Platte  River's  surface  water  system  in  the  vicinity  of 
the  project  site.  As  such,  all  new  large  wells  (municipal,  com¬ 
mercial  and  irrigation)  completed  in  the  alluvium  would, 
therefore,  be  considered  tributary  and  would  be  subject  to  a 
judical ly  approved  plan  for  augmentation  prior  to  use  of  the 
water  produced  from  said  well(s).  Existing  wells  in  the  absence 
of  a  plan  for  augmentation  are  subject  to  the  priority  system 
under  the  rules  and  regulations  promulgated  by  the  State 
Engineer  . 

6.1.1  Decreed  Water  Rights 

Research  of  decreed  water  rights  on  file  with  the  Colorado 
Division  of  Water  Resources  indicated  that  there  are  no  decreed 
water  rights  associated  with  the  alluvial  deposits  underlying  the 
project  site.  Our  research,  however,  did  indicate  that  the  U.  S. 
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Department  of  Justice,  Land  and  Natural  Resources,  has  made  Water 
Court  applications  to  the  District  Court  in  and  for  Water 
Division  1,  State  of  Colorado,  for  the  adjudication  of  two 
existing  shallow  alluvial  wells  located  on  the  Southern  Tier  of 
the  Rocky  Mountain  Arsenal  (Blatchley  Associates,  Inc.  1985). 

In  1977  initial  applications  were  made  in  Case  Nos. 
W-9164-77  and  W-9166-77  for  the  adjudication  of  two  unpermitted, 
unregistered  wells  located  on  the  project  site.  The  well  subject 
to  Case  No.  W-9164-77  is  located  in  the  Northeast  Quarter  of  the 
Northeast  Quarter  of  Section  8,  Township  3  South,  Range  66  West. 
The  application  claims  an  absolute  right  to  58.33  cubic  feet  per 
second  (5,040,000  gallons  per  day)  of  water  that  has  historically 
been  used  for  irrigation  of  approximately  160  acres  of  land 
surrounding  the  well,  (It  is  the  opinion  of  this  consultant  that 
the  quantity  claimed  by  W-9164-77  is  in  error.) 

The  well  subject  to  Case  No.  W-9166-77  is  located  in  the 
Southeast  Quarter  of  the  Southeast  Quarter  of  Section  11, 
Township  3  South,  Range  67  West.  This  application  claims  an 
absolute  right  to  0.040  cubic  feet  per  second  or  25,920  gallons 
per  day  of  water  that  has  historically  been  used  for  water  supply 
for  picnic  grounds. 

The  location  of  the  two  wells  subject  to  the  above  Water 
Court  Cases  in  reference  to  the  two  new  conceptualized  east-west 
runway  alignments  on  the  project  site  are  shown  on  Figures  16  and 
17. 
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On  February  28,  1985,  an  amended  application  to  Case  No. 
W-8439-76,  which  is  included  with  Case  Nos.  W-9164-77  and 
W-9166-77,  was  filed  by  the  U.  S.  Government.  This  amended 
application  is  seeking  the  adjudication  of  seventeen  wells  and 
seven  storage  reservoirs  which  have  been  constructed  on  the  Rocky 
Mountain  Arsenal  in  years  past.  All  well  and  reservoir  applica¬ 
tions  subject  to  Case  No.  W-8439-76  are  awaiting  adjudication. 

6.1.2  Potential  For  Future  Use 

The  potential  uses  of  the  alluvial  ground  water  under  the 
Southern  Tier  are  unlimited.  Any  use  is  subject  to  the  quality 
of  the  ground  water  available  from  the  alluvial  aquifer 
underlying  the  project  site  and  the  judicial  approval  of  a  plan 
of  augmentation  covering  potential  depletions  to  the  regional 
surface  water  system.  The  water  could  conceivably  be  utilized 
for  a  variety  of  beneficial  uses  including;  domestic,  irrigation, 
commercial,  industrial,  municipal  and  recreational. 

6 . 2  Bedrock  Well  Rights-Nontr ibutary  to  the  South  Platte  River 

6.2.1  Nontributary  Aquifers 

With  the  recent  passage  of  Senate  Bill  5  (SB-5),  Colorado 
water  law  pertaining  to  the  classification  and  appropriation  of 
nontributary  ground  water  within  the  Denver  Basin  has  been 
substantially  changed.  Subsequent  to  the  effective  date  of  SB-5, 
July  1  ,  1985,  nontributary  ground  water  is  now  defined  as  that 
ground  water,  the  withdrawal  of  which  will  not,  within  one 
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hundred  years,  deplete  the  flow  of  a  natural  stream  at  a  rate 


greater  than 

one-tenth  of  one 

percent 

of 

the  annual 

rate  of 

withdrawal. 

Pursuant  to  the 

passage 

of 

SB-5,  the 

Colorado 

Division  of  Water  Resources  (State  Engineer's  Office)  promulgated 
rules  and  regulations  to  prescribe  criteria  and  procedures  for 
the  application,  evaluation,  issuance  and  administration  of 
nontributary  well  permits.  As  part  of  the  rules  and  regulations 
promulgated  maps  showing  the  locations  and  aerial  extents  of  the 
six  principal  bedrock  aquifers  within  .the  Denver  Basin  were 
prepared.  The  area  within  each  aquifer  where  the  ground  water  is 
considered  "nontributary"  and  "not  nontr ibutary "  under  Senate 
Bill  5  criteria  are  also  delineated  on  these  maps. 

Four  of  the  six  principal  bedrock  aquifers  of  the  Denver 
Basin;  the  Denver,  Upper  and  Lower  Arapahoe  and  the  Laramie-Fox 
Hills  aquifers,  underlie  the  Southern  Tier  of  the  Rocky  Mountain 
Arsenal.  Under  SB-5  criteria,  only  two  are  defined  by  the 
Colorado  Division  of  Water  Resources  as  nontributary:  the  Lower 
Arapahoe  and  Laramie-Fox  Hills.  Likewise,  the  Denver  and  Upper 
Arapahoe  aquifers  are  defined  by  the  Colorado  Division  of  Water 
Resources  as  "not  nontributary."  As  such,  judicial  approval  of 
plans  for  augmentation  would  be  required  prior  to  use  of  the 
ground  water  available  from  those  two  aquifers. 

The  Lower  Arapahoe  aquifer  contained  in  the  lower  portions 
of  the  Arapahoe  formation  is  the  uppermost  nontributary  aquifer 
underlying  the  project  site.  The  Lower  Arapahoe  aquifer  ranges 
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in  thickness  from  about  200  to  250  feet  across  the  site  and  con¬ 


sists  of  a  series  of  interbedded  light  grey  to  light  brown 
sandstones,  siltstones,  localized  conglomerates  and  sandy  shales. 
The  depth  to  the  top  of  the  Lower  Arapahoe  ranges  from  approxi¬ 
mately  765  feet  below  ground  level  (B.G.L.)  in  the  northwestern 
portions  of  the  site  to  about  930  feet  B.G.L.  in  the  southeastern 
portions  of  the  site.  The  contact  between  the  Arapahoe  formation 
and  the  successively  lower  Laramie  formation  is  at  depths  ranging 
from  about  965  feet  to  1180  feet  B.G.L.  across  the  site  in  a 
northwest  to  southeast  direction. 

The  upper  portion  of  the  Laramie  formation  is  composed 
predominately  of  silty  gray  shales  with  minor  interbeds  of  fine 
sandstones  and  localized  coal  beds.  The  depth  to  the  base  of  the 


upper 

Laramie 

formation 

ranges 

from  about  1400 

to 

1500  feet 

B  •  G  •  L  • 

across 

the  site. 

again 

in  a  northwest 

to 

southeast 

direction. 

Substantial  sandstone  lenses  contained  in  the  lower  por¬ 
tion  of  the  Laramie  formation  and  the  sandstone  and  siltstones  of 
the  immediately  underlying  Fox  Hills  formation  together  form  the 
Laramie-Fox  Hills  aquifer.  The  aquifer  is  characterized  by  an 
extensive  upper  sandstone  member,  overlying  a  sequence  of 
sandstones,  and  shales  extending  to  approximate  depths  ranging 
between  1600  to  1700  feet. 

Beneath  the  Fox  Hills  formation  lies  the  Pierre  shale  for¬ 
mation  which  consists  of  approximately  5000  to  8000  feet  of  rela¬ 
tively  uniform  gray  impermeable  shale  beds.  The  upper  Pierre 
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shale  contact  is  usually  the  lower  limit  of  any  water  wells 
drilled  in  the  Denver  Basin.  Some  thin  sandstone  layer  within 
the  Pierre  shale  yield  small  quantities  of  water  to  wells; 
however,  these  quantities  are  not  usually  considered  an  economic 
water  supply  in  light  of  the  generally  poor  quality  of  the  water 
and  the  drilling  depth  involved. 

6.2.2  Present  Permitted  Appropriations 

Research  of  the  water  rights  on  file  with  the  Colorado 
Division  of  Water  Resources  indicates  that  there  are  no  presently 
permitted  appropriations  of  ground  water  from  either  of  the  two 
nontributary  aquifers  underlying  the  Southern  Tier  of  the  Rocky 
Mountain  Arsenal. 

For  a  detailed  discussion  of  the  ground  water  rights 
currently  associated  with  the  Rocky  Mountain  Arsenal  in  general 
and  the  Southern  Tier  specifically,  the  reader  is  referred  to  a 
report  prepared  by  Blatchley  Associates,  Inc.  in  January  1985. 

6.2.3  Potential  Nontributary  Water  Supply  Available  For 

Appropr iation 

Water  contained  in  the  nontributary  Lower  Arapahoe  and 
Laramie-Fox  Hills  aquifers  can  only  be  appropriated  by  applica¬ 
tion  to  the  State  Engineer.  Well  permit  applications  submitted 
prior  to  July  7,  1973,  were  adjudged  by  the  State  administrative 
procedures  whereby  over  100  years  of  pumping  a  well  would  theo¬ 
retically  dewater  a  cylinderical  sector  of  the  aquifer.  The 
radius  of  said  dewatered  cylinder  was  not  confined  to  the  boun¬ 
daries  of  an  applicant's  property.  Subsequently,  on  July  7, 
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1973,  Statue  37-90-137  (Senate  Bill  213)  was  adopted  that  added  a 
correlative  rights  doctrine  to  the  management  of  nontributary 
aquifers  in  the  State  of  Colorado.  This  doctrine  allows  a  ground 
water  appropriator  the  right  to  derive  annually  one  percent  of 
the  water  stored  in  each  nontributary  aquifer  beneath  his  pro¬ 
perty. 

The  State  Engineer's  Office  has  set  forth  a  formula  in  the 
rules  and  regulations  accompanying  SB-5  which  determines  the 
amount  of  water  underlying  an  applicant's  land  which  can  be 
actually  withdrawn.  This  amount  is  then  divided  by  100  to  yield 
the  amount  of  water  the  applicant  is  entitled  to  withdraw 
annually.  The  formula  utilizes  saturated  thickness  of  the  sands 
and/pr  sandstones  comprising  the  formation  and  drainage  porosity 
(specific  yield)  to  determine  the  amount  of  water  available.  The 
water  rights  of  pre  and  post  Senate  Bill  213  wells  are  protected 
by  the  rules  and  regulations  established  pursuant  to  the  adoption 
of  SB-5.  A  new  application  for  a  nontributary  well  is  adjudged 
on  the  basis  of  the  amount  of  ground  water  available  beneath  the 
applicant's  property  less  any  water  previously  appropriated  by 
pre-Senate  Bill  213  well  appropriation  cylinders  that  extend  onto 
the  property  and/or  post-Senate  Bill  213  well  located  on  the 
property. 

Utilizing  these  procedures,  pre-^Senate  Bill  213  appropria¬ 
tion  cylinders  were  plotted  for  permitted  wells  producing  from 
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the  nontributary  Lower  Arapahoe  and  Laramie— Fox  Hills  aquifers 
within  a  one-mile  radius  of  the  project  site.  Permitted  wells 
are  those  that  have  been  granted  an  appropriation  by  the  State 
Engineer  and  whose  appropriation  cylinders  extended  onto,  or  were 
in  close  proximity  to  the  project  site. 

Our  research  indicates  that  five  pre-Senate  Bill  213 
wells,  meeting  the  above  criteria,  were  located  in  the  vicinity 
of  the  project  site.  An  Arapahoe  formation  well,  permit  No. 
16178F,  registered  to  Pacific  Western  Mobil  Estates,  was  found  to 
be  located  in  the  Northeast  Quarter  of  the  Southeast  Quarter  of 
Section  9,  Township  3  South,  Range  66  West.  This  well  produces 
water  from  both  the  Upper  and  Lower  Arapahoe  aquifers;  however, 
neither  of  the  respective  appropriation  cylinders  extend  onto  the 
project  site. 

Two  wells.  Permit  Nos.  16179P  and  16180P,  located  on  the 
Eastwood  Estates  property  in  the  Western  Half  of  Section  9, 
Township  3  South,  Range  66  West,  were  also  found  to  be  completed 
in  the  Arapahoe  formation.  Each  of  these  two  wells  also  produces 
water  from  both  the  Upper  and  Lower  Arapahoe  aquifers.  Wells 
16179F  and  16180F  appropriation  cylinders  from  the  Lower  Arapahoe 
extend  beneath  216  and  6  acres  of  the  project  site  respectively. 
Therefore,  the  total  acreage  of  the  project  site  less  this  222 
acres  is  available  for  appropriation  from  the  nontributary  Lower 
Arapahoe  aquifer. 

Two  Laramie-Fox  Hills  wells  were  also  identified  on  the 
Eastwood  Estates  property,  permit  Nos.  16050F  and  16051F.  The 
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appropriation  cylinders  from  these  wells  were  found  to  extend 
beneath  a  total  of  270  acres  of  the  project  site.  The  total 
acreage  available  for  appropriation  from  the  Laramie-Fox  Hills 
aquifer  would,  therefore,  be  the  total  project  site  acreage  minus 
270  acres. 

Combining  this  analysis  with  the  criteria  set  forth  in 
SB-5,  the  amount  of  nontributary  water  available  for 
appropriation  from  the  two  nontributary  aquifers  underlying  the 
project  site  was  determined  and  is  presented  in  Table  1.  As 
shown  in  Table  2  ,  397.5  acre-feet  per  year  (af/yr)  of  nontribu¬ 
tary  water  is  available  from  the  Lower  Arapahoe  aquifer  and  642 
af/yr  from  the  Laramie-Fox  Hills  aquifer. 

An  additional  requirement  of  nontributary  appropriations 
per  SB-5,  to  insure  that  no  water  rights  are  materially  affected 
by  withdrawal  of  nontributary  ground  water  from  the  Denver  Basin 
aquifers,  established  a  limit  on  consumption  to  extinction  of 
nontributary  water.  No  more  than  98%  of  the  water  withdrawn 
annually  from  a  well  withdrawing  nontributary  ground  water  is 
allowed  to  be  consumed  to  extinction.  An  applicant  must 
demonstrate  to  the  reasonable  satisfaction  of  the  State  Engineer 
prior  to  the  issuance  of  the  permit  (s)  that  not  more  than  98%  of 
the  water  withdrawn  will  be  consumed.  Thus,  if  the  total  amount 
of  nontributary  water  available  annually  from  the  Lower  Arapahoe, 
397.5  af/yr,  was  withdrawn  only  389.55  af/yr  could  be  consumed  to 
extinction.  Likewise,  only  629.16  af/yr  of  the  642  af/yr 
available  from  the  Laramie-Fox  Hills  aquifer  could  be  consumed. 
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6.2.4  Not  Nontributary  Aquifers 


As  discussed  in  Section  6.2,  subsection  6.2.1  of  this 
report,  under  current  Colorado  water  law  there  are  two  aquifers 
underlying  the  project  site  which  are  classified  not 
nontributary:  the  Denver  and  Upper  Arapahoe  aquifers. 

The  Denver  formation  containing  the  Denver  aquifer  is  the 
uppermost  bedrock  unit  underlying  the  project  site.  The  Denver 
formation,  which  is  covered  by  five  to  ninety-seven  feet  of  allu¬ 
vial  deposits  across  the  project  site  extends  to  depths  ranging 
from  about  415  to  about  560  feet  B.G.L.  and  is  composed  predomi¬ 
nately  of  light  gray  to  dark  brown  silty  claystones  and  shales 
interbedded  with  lenses  of  sandstone  and  siltstone.  Localized 
beds  of  coal  are  also  found  in  the  upper  portions  of  the 
formation . 

The  Upper  Arapahoe  aquifer  contained  within  the  upper  por¬ 
tions  of  the  Arapahoe  formation  immediately  underlies  the  Denver 
formation  throughout  the  project  site.  The  depth  to  the  top  of 
the  Upper  Arapahoe  aquifer  ranges  from  approximately  440  to  605 
feet  B.G.L.  across  the  site  and  extends  to  depths  ranging  from 
about  680  to  830  feet  B.G.L.  The  upper  portions  of  the  Arapahoe 
formation  is  comprised  of  the  same  type  of  material  as  that  found 
in  the  lower  portions,  interbedded  sandstones,  siltstones, 
localized  conglomerates  and  sandy  shales. 


6.2.5  Present  Permitted  Appropriations 


As  in  the  case  of  the  nontributary  aquifers  underlying  the 
project  site,  our  research  indicated  there  are  no  presently  per¬ 
mitted  appropriations  of  ground  water  from  the  two  not  nontribu- 
tary  aquifers  underlying  the  Southern  Tier  of  the  Rocky  Mountain 

Arsenal . 

6.2.6  Potential  Not  Nontributary  Water  Supply  Available  For 
Appropriation 

Water  contained  in  the  not  nontributary  Denver  and  Upper 
Arapahoe  aquifers  is  also  available  for  appropriation  by  applica¬ 
tion  to  the  State  Engineer.  Senate  Bill  5  specifies  in  revised 
Statute  37-90-137  (8)  (c)  that  wells  completed  in  the  Denver  Basin 
aquifers  that  withdraw  ground  water  which  is  not  nontributary  are 
subject  to  a  judicially  appproved  plan  of  augmentation  prior  to 
the  use  of  the  water.  All  wells  completed  within  one  mile  of  the 
point  of  contact  between  the  saturated  alluvium  of  any  natural 
stream  and  the  aquifer  that  the  well  is  completed  in  are  required 
to  replace  the  actual  calculated  depletions  to  the  affected 
stream  system(s).  All  wells  completed  more  than  one  mile  from 
the  aqu if er /str earn  contact  are  required  to  replace  4  percent  of 
the  amount  of  water  withdrawn  on  an  annual  basis. 

Employing  the  same  procedures  utilized  to  calculate  the 
amount  of  nontributary  ground  water  available  for  appropriation, 
the  amount  of  not  nontributary  ground  water  available  for 
appropriation  from  the  Denver  and  Upper  Arapahoe  aquifers  was 
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determined  and  is  also  presented  in  Table  2.  As  indicated  in 
Table  2,  a  total  of  544  af/yr  is  available  from  the  Denver 
Aquifer  and  397.5  af/yr  from  the  Upper  Arapahoe  aquifer. 
Research  of  State  records  indicated  that  there  were  no  prior 
appropriations  by  pre-Senate  Bill  213  wells  affecting  the  Denver 
aquifer  beneath  the  site.  The  total  acreage  of  the  project  site 
is,  therefore,  available  for  appropriation  subject  to  an  approved 
plan  for  augmentation. 

The  Denver  aquifer  is  in  contact  with  First  Creek  which 
traverses  the  Northeast  Quarter  of  the  site  in  Section  8, 
Township  3  South,  Range  66  West.  Each  .Denver  well  completed 
within  one  mile  of  the  saturated  alluvium  associated  with  First 
Creek  will  be  required  to  replace  its  actual  calculated  amount  of 
depletion  to  the  stream  system.  All  of  Section  8  and  approxi¬ 
mately  214  acres  of  the  eastern  portion  of  Section  7,  Township  3 
South,  Range  66  West,  are  within  this  one  mile  limit.  All  Denver 
aquifer  wells  located  beyond  this  one  mile  limit  will  be  required 
to  replace  4  percent  of  their  annual  appropriations. 

Research  of  pre-Senate  Bill  213  wells  producing  from  the 
Upper  Arapahoe  aquifer  within  a  one-mile  radius  of  the  project 
site  revealed  that  both  of  the  Eastwood  Estates  Arapahoe  wells, 
permit  Nos.  16179F  and  16180F,  and  the  Pacific  Western  Arapahoe 
well,  permit  No.  16178F,  produce  water  from  both  the  Upper  and 
Lower  Arapahoe  aquifers.  The  theoretical  radius  of  effect  from 
both  of  the  Eastwood  Estates  wells  extend  onto  the  project  site. 


6-12 


The  result  is  a  reduction  of  the  total  acreage  of  the  project 
site  available  for  appropriation  by  approximately  222  acres. 
This  equates  to  a  reduction  in  the  total  amount  of  water 
available  from  435.2  af/yr  to  397.5  af/yr. 

The  Upper  Arapahoe  aquifer  beneath  the  entire  site  is 
located  more  than  one  mile  from  its  contact  with  a  natural 
stream.  Therefore,  4  percent  of  the  water  produced  annually  from 
each  well  will  be  required  to  be  replaced  to  the  South  Platte 
River  system  under  an  approved  plan  for  augmentation. 
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Table  1 


ALLUVIAL  AQUIFER 
HYDRAULIC  CONDUCTIVITY 
TEST  RESULTS 

Stapleton  International  Airport 
Southern  Tier  Of  Rocky  Mountain  Arsenal 


Test/Monitor 
Hole  No. 


Hydraulic  Conductivity 
_ ( cm/sec) _ 


Hydraulic  Conductivity 
_ (  f t/day) _ 


11-1 

6.1 

X 

10-2 

172 .51 

11-4A 

18 . 0 

X 

10-2 

509.04 

12-2 

3.7 

X 

10-2 

104.64 

12-4 

3.1 

X 

10-3 

8 .77 

8-3 

6.8 

X 

10-3 

19.23 

Table  2 


NONTRIBOTARY  AND  NOT  NONTRIBUTARY 
WATER  AVAILABLE 


Southern  Tier  of  Rocky  Mountain  Arsenal 


Acreage 

Saturated 

Total  Water 

Available 

Specific 

Thickness 

Available 

Aquifer 

for  Approp. 

Yield 

(ft)  (5) 

(Af/Yr)  (6) 

NONTRIBOTARY 


Lower  Arapahoe 

2338 

17% 

100 

397.5 

Laramie-Fox  Hills (2) 

2290 

15% 

187 

Total 

642.0  . 

1039.5(7) 

NOT  NONTRIBUTARY 

Denver ( ^ ) 

2560 

17% 

125 

544.0 

Upper  Arapahoe  ('*) 

2443 

17% 

200 

397.5 

Total  941.5(8) 

Notes ; 


(1)  Prior  appropriations  in  the  Lower  Arapahoe  aquifer  by  Eastwood  Estates 
wells.  Permit  Nos.  16179F  and  16180F,  extend  beneath  approximately  216 
and  6  acres  of  the  project  site,  respectively.  Total  prior  appropriation 
equals  222  acres. 

(2)  Prior  appropriations  by  Eastwood  Estates  Laramie-Fox  Hills  Wells,  permit 
Nos.  16050F  and  16051F,  extend  beneath  a  total  of  270  acres  of  the  project 
site,  257  acres  and  13  acres  respectively. 

(3)  Entire  2560  acres  of  project  site  available  for  appropriation. 

(4)  Prior  appropriations  in  the  Upper  Arapahoe  aquifer  by  Eastwood  Estates 
wells.  Permit  Nos.  16179F  and  16180F,  extend  beneath  approximately  216 
and  6  acres  of  the  project  site,  respectively.  Total  prior  appropriation 
equals  222  acres. 

(5)  Average  saturated  thickness  as  determined  from  maps  produced  by  the  Colorado 
Division  of  Water  Resources  to  accompany  Senate  Bill  5  Rules  and  Regulations 
for  the  Denver  Basin  (1985)  . 

(6)  Total  Water  Available  »  Acreage  X  Specific  Yield  X  Saturated  Thickness  -  100 
year  life. 

(7)  Only  98^  of  the  total  annual  amount  of  nontributary  produced  from  any  well 
can  be  consumed. 

(8)  Depending  upon  the  locations  of  wells  producing  not  nontributary  water 
either  actual  calculated  stream  depletions  attributed  to  each  well  or  4%  of 
the  annual  amounts  produced  from  each  well  will  be  required  to  be  replaced 
to  the  affected  stream  system(s)  under  a  court  approved  plan  of  augmentation 
prior  to  use  of  said  water (s). 


LEGEND 


n-3 

O 


II-3A 

^'-5 

O 

r 


''  Phase  I  test/monitor  hole 
^  with  identifying  number. 

Phase  2  test /monitor  hole 
with  identifying  number. 

phase  3  test/monitor  hole 
jwith  identifying  number . 


SP-17 

o 

DM-9 

A 

DH-I 

□ 


Phase  4  test /monitor  hole 
with  identifying  number. 

Phase  5  test/monitor  hole 
with  identifying  number. 

Phase  6  test/monitor  hole 
with  identifying  number.  . 


Pre-Existing  monitor  hole 
with  identifying  number 

Pre-Existing  monitor  hole 
with  Identifying  number. 

Pre-Existing  monitor  hole 
with  Identifying  number 

Area  of  known  contamination 


FIGURE  2 
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1000  2000 


SCALE  l"  =  2000 


TEST/MONITOR  HOLES 
LOCATION  MAP 
STAPLETON  INTERNATIONAL  AIRPORT 
.SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 


blotchley  Q//bclQte/.Inc. 

COIMBULTiNa  ENCaiNEEna 

2525  SOUTH  WADSWORTH  BOULEVARD.  #306 
DENVEa  COLORADO  80227 


525.1 


R.erw. 


R.  66  W. 


AIR  PORT 


I 


VlClNiTY  MAP 


0 


SCALE  OF  MILES 


0)  .  0>  N>  .'S 


FIGURE  I 


PROJECT 

VICINITY  AND  LOCATION  MAP 
STAPLETON  INTERNATION  AL  AIR  PORT 
EXPANSION  PROJECT 

SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 

blolchley  o/zodote/.  Inc. 

CO]\l5Ut.TINC3  ENGINEEnS 

2525  SOUTH  WADSWORTH  BOULEVARD.  #306 
DENVER.  COLORADO  80227 


525.1 


/MHI2-I  T/MH  12-IA  T/«H-t2-2  T/MH-I2-2A  T/MH 12-3 

L.S24B.I  EL.  3248.1  EL.S234.4  EL. 5234.4  .  EL.526e.* 


T/MH  7-1 
EL.  5277. 8 


T/MH  T^IA 
EL.82T7.8 


T/MH  7-2 
EL.3288.4 


T/MH  8-1 

EL.  5297 


V 


SAND!  Madittm  brown  Id  brown,  fin*  to 
modlum  ond  fino  to  eoorso 
9roinod,  poorly  grodod  modium  donto 
to  donM.oligbtty  moiot  to  wot  (SP) 

SAND!  Light  brown  to  brown  ftilty. fino  groinod, 
fin#  to  vory  fino  grotnod.fino  to  cooroo 

groinod.  poorly  grodod,lQooo,modtiifn 
donM  todonoo,moiottowot  (SM) 
sand:  Light  brown  tobrown.fino.modivm  to 

cooroo  groinod  woll  oortOdmodiuAdonoo 
to  donoo  .moiot  to  wot  iond  and  fino  groinod 
fino  to  vory  fino  groinod  ond  fino  loeooroo 
groinod  oiltyoond, poor  grodod, modium  donoo 
todonoo.moiittowot  (SW'SM) 

SAND:  Modium  brown  to  brown.fino  to  modium  groinod 
oond ,  poorly  oortod  modium  donoo  to  donoo. 
moiot  towot.  lonood  with  light  brown  to 
brown. oilty  fino  to  cooroo  groinod,  poorly 
grodod  modium  donoo  todonoo.  moiot  to  wot 
oand(SP>SM) 

SAND!  Brown.eloyoy  to  vory  cloyoy,  fino  groinod, 

fino  to  modiurn  gromod,  fino  to  cooroo  groinod 
poorly  grodod,  loooo  tomodiumdonoo,  moiot  to 
wot  (SC) 


GRAVEL!  Poorly  grodod  grovol,  grovoi*oond-oilt 

miihiro.moiolto  wot  ond  oilty  .poorly  grodod 
land,  donoo.moiot  to  wot  ( G  M  *  SM ) 

GRAVEL!  Poorly  grodod  grovol.grovoi 'tond  miituro^ 

littio  or  no  finoi ond  grovol*«ond~oilt  miituro, 
donoo. moiyi  to  wot  (GP*6M) 


2. 


T/MH  T^IA 
EL.B277.« 


T/MM  T-* 
CL.92BS.4 


T/MH  S-l 
CL.  92S7.S 


T/MH  8-2 
EL.92B8.7 


T/MHS-S 
EL. 9292.8 


T/MH  8-BA 
EL.9292.8 


mnitf  Of 

•AMO.  fMf  TO 
COAMCtANOT  M 

•  ILT. 


SLAMTLT  •N.TT 
«f  U.  ifUDCD 
rtMl  TOCOAMil 

•AN* 


ATtr  tAHO 
TH  SAMOY 
jcr  LATBOO 


CLATrr  BABO  VITO 
•AHDT  CCAT 
LATBOO 


NT  VtATNBIIM 


•  UEGEND 


FILL!  Brown  to  dorh  browB,»tf7  lontf 
to  oondy  ci«|,0Miit 


clay;  Modium  brown, brown  to  9roy  brown  low  to 
mtdiym  plooticity,  oligbtiy  tondy  to  oondy, 
•iightty  Btiff  to  vory  otitf,  moiot  to  vory  moist  to 
wot.  (CL) 

clay:  Brown,  highly  ptostic,firiii  to  vory  firm,wot  (CH) 


sand;  Modioni  brown  to  brown,  fioo  to 
modium  ond  ftno  to  eooroo 
groinod ,  poorly  grodod  modium  donto 
to  donoo.oligbtty  moist  to  wot  (SP) 
sand:  Light  brown  to  brown  rsilty.fkio  groinod, 
fin#  to  vory  ftno  gromod.rno  to  eooroo 
groinod,  poorty  frodod,loooo, modium 
donoo  to donoo,moist  to  wot  (SM) 

SAND!  Light  brown  to  brown, fino.inodium  to 

eooroo  groinod  woll  oortodmodiumdonoo 
to  donoo  .moist  to  wot  tood  and  fins  groinod 
tins  to  wry  fino  groomd  end  tint  tocooroo 
groinod  sittyoond, poor  grodod, modium  donoo 
to  donoo,  moist  to  wot  (SW*SM) 

SAND :  Modium  brown  to  brow A,fmo  to  modium  groinod 
•ond,  poorty  oortod  modium  donoo  to  donoo, 
moist  tovot.  lonood  with  light  brown  to 
brown, silty  fino  to  oooroo  groinod,  poorty 
grodod  modiisn  dwiootodonoo, moist  to  wst 
sand(SP-SH) 

SAND!  Brown, eloyoy  to  vory  cloyoy,  fino  groinod, 

Bno  to  modurg  gremod,  fino  to  eoorso  groitrod 
poorly  grodod,  loooo  to  modium  donso,  moist  to 
wot  (SC) 

ORAVCL;  Poorly  grodod  grovol,  grovol-sond-sitt 

mistwro,  meiot  to  wot  ond  tilty,poorlygrQdod 
sand,  donoo,jnoiot  to  wot  ( 6M  *  SM  ) 

GRAVEL!  Poorly  grodod  grovol.grovol’sond  mixturo^ 

littio  or  no  finos  ond  grovol  ~sond'Siit  msturo, 
donso, itmisB  to  wot  (GP-GM) 


SANDSTONE!  Brown,  fino  to  modium  groinod, slightly 
to  vory  cloyoy,  tilty.vory  hard,olightiy 
moist  to  moist  (  BEDROCK) 

WEATHERED  CLAYSTONE:  Bro«>i,klH,,«r*)r,eliv,,  tiiglitlT 
sondy.to  vsry  sondy,oceesionolly  colcorsous, 
oecosionoi  gypsom,  low  to  highly  plostio, 
moist  (WEATHERED  BEDROCK) 

CLAYSTONE!  Brown. blus  .grsy.elivs.slightly  sondytovsry 
sondy, oecosionoi  ty  coleoroouo,  dCcosionally 
iron  stoinod.occosiohol  gypsum.low  to  highly 
plostic,  fim,  modiuin  herd  te^r^r  hord,pioist  (BEDROCK) 
COAL  ;  Block,  vtryhord.moiot.  if  •*»  *■ 


^PVC  OR  FIBERGLASS  PIPE 
MATERIAL  CLASSIFIC ATiQNS 


~  Depth  to  water,  number  indicoting  number  of  days  oftor 
drilling  moosursmonts  or#  mode. 


notes; 


notes  on  logs  define  soil  and  bedrock 

CLASSIFICATIONS  WHICH  STANDARD  SYMBOLS 
DO  NOT  ADEQUATELY  CLASSIFY. 

HORIZONTAL  SCALE  NOT  APPROPRIATE. 


LOGS  OF  TEST/ MONITOR  HOLES 
NORTHERN  TEST/ MONITOR  HOLES 

STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  THE  ROCKY  MOUNTAIN  ARSENAL 

jrxxx 

bkMcMtg  ooodola/.lna 


I 


928.1 


ELEVATION  A80VE  MEAN  lEA  LEVEL  IN  FEET 


FIGURE  4 


T/MH  8-4 
EL.5300.9 


T/MN8.4A 

CL.B^oas 


EAST 


'.y 


n 


9320 


9310 


9300 


H  9290 


\-  9280 


h9270  !- 


9260  ^ 


H  9290 


H  9240  > 


h-  9230 


h-  5220 


H  9  200 


9190 


9180 


L  C  Q  E  N  0 


d 


TOPSOIL 

FILL 

SAND  (SPt 

SAND  (SM) 

SAND  (SW-SMI 
SAND  (SP  -SM) 

SAND  (SC) 

GRAVEL  (GM-SM) 

GRAVEL  (6P-6M) 

CLAY  (CL) 

CLAY  (CH) 

SANDSTONE  BEDROCK 

WEATHERED  CLAYSTONE  BEDROCK 

« 

CLAYSTONE  BEDROCK 
COAL 


PVC  OR  FIBERGLASS  PIPE 
material  CLASSIFICATIONS 


£_  DEPTH  TO  WATER,  NUMER  INDICATING 

-  NUMBER  OF  DAYS  AFTER  DRILLING 

MEASUREMENT  WAS  MADE 


notes: 

I  SEE  FIGURE  6  FOR  FULL  DEFINITION  OF 
MATERIAL  CLASSIFICATIONS.  ^ 

2.  NOTES  ON  LOGS  DEFINE  SOIL  AND  BEDROCK 
CLASSIFICATIONS  WHICH  STANDARD 
SYMBOLS  DO  NOT  ADEQUATELY  CI-ASSIFY. 
a  HORIZONTAL  SCALE  NOT  APPROPRIATE  . 


i 

i 


LOGS  OF  TEST/ MONITOR  HOLES 
CENTRAL  TEST/ MONITOR  HOLES 

STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  THE  ROCKT  MOUNTAIN  ARSENAL 


.XXXiS 

bfaAcNGM  ovodotar.lno. 


I 

I 


US.I 


ON  ABOVE  MEAN  SEA  LEVEL  IN  FEET 


•  /24/II 


LEGEND 


TOPSOIL 


LEGEND 


CLAY  (CH) 

SANDSTONE  BEDROCK 

WEATHERED  CLATSTONE  BEDROCK 

CLAYSTONE  BEDROCK 

COAL 


PVC 

UATERIAL  CLASSIFICATIONS 


DEPTH  OF  WATER  INDICATING  NUMBER 
OF.  DAYS  AFTER  DRILLING 


NOTES : 
I. 


3. 


SEE  FIGURE  6  FOR  FULL  DEFINITIONS 
OF  SOIL  AND  BEDROCK  CLASSIFICATIONS. 
NOTES  ON  LOGS  DEFINE  SOIL  AND  BEDROCK 
CLASSIFICATIONS  WHICH  STANDARD  SYMBOLS 
DO  NOT  ADEQUATELY  CLASSIFY. 

HORIZONTAL  SCALE  NOT  APPROPRIATE . 


LOGS  OF 
SOUTHERN 

STAPLETO 
SOUTHERN  TIER  C 


T/MH  e-7 
EL.  a3or.» 


T/MH  S-7A 
EL.S307.9 


T/MHa-a 

EL.S30S.4 


T/MH  8-aA 
EL.930S.4 


T/MH -a-9 
EL.  5320.1 


EAST 


r  (CH) 

)ST0NE  BEDROCK 
THERED  CLAYSTONE  BEDROCK 
■STONE  BEDROCK 
L 

ERIAL  CLASSIFICATIONS 

'H  OF  WATER  INDICATING  NUMBER 
AYS  AFTER  DRILLING 


NOTES ; 


1. 

2. 

3. 


SEE  FIGURE  6  FOR  FULL  DEFINITIONS 
OF  SOIL  AND  BEDROCK  CLASSIFICATIONS. 


NOTES  ON  LOGS  DEFINE  SOIL  AND  BEDROCK 
CLASSIFICATIONS  WHICH  STANDARD  SYMBOLS 
DO  NOT  ADEQUATELY  CLASSIFY. 


HORIZONTAL  SCALE  NOT  APPROPRIATE  . 


LOGS  OF  TEST/ MONITOR  HOLES 
SOUTHERN  TEST/ MONITOR  HOLES 

STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  THE  ROCKY  MOUNTAIN  ARSENAL 


btotcNag  OAodota/.lno. 


.  OHMA  COLOMOOMST 


OVERBURDEN 


S.W.L. 


ALLUVIUM 


BEDROCK 


•VENTED  TOP  CAP 

PAINTED  FLOUR ESCENT  GREEN 
WITH  NUMBER  DESIGNATION 


GROUND  SURFACE 


BENTONITE  SURFACE  SEAL 

PLASTIC  FUNNEL  TO  PROVIDE 
BASE  FOR  BENTONITE  SURFACE  SEAL 

PLAIN  PVC  OR  FIBERGLASS  PIPE 

4",6",  7‘'0R  8"  DIA.  DRILL  HOLE 


HAND  SLOTTED  3/4  ,  1.25  OR  1.5  O.D. 
160  PSI  OR  SCHEDULE  40  BELLED 
END  PVC  PIPE 

OR 

HAND  SLOTTED  2.3  "OD.  FLUSH  JOINT- 
THREADED  FIBERGLASS  PIPE 
(PIPE  SLOTTED  FROM  STATIC  WATER  LEVEL 
TO  TOP  OF  SUMP  ) 


PLAIN  PVC  OR  FIBERGLASS  PIPE 
(SUMP) 


BOTTOM  END  CAP  TYPICAL  CONSTRUCTION  DETAILS 

PHASE  I  AND  2 

TEST/ MONITOR  HOLES 
STAPLETON  INTERNATIONAL  AIRPORT 
NO  SCALE  SOUTHERN  TIER  OF  R.M.A. 


blotchlevi  a//odQt«r.Inc. 


2525  SOUTH  WADSWORTH  BOULEVARD.  #306 
DENVER.  COLORADO  80227 


525.1 


FIGURE  7 


OVERBURDEN 


S.W.L.  ^ 


ALLUVIUM 


BEDROCK 


VENTED  TOP  CAP 

PAINTED  FLUORESCENT  GREEN 
WITH  NUMBER  DESIGNATION 


GROUND  SURFACE 


•BENTONITE  SURFACE  SEAL 


PLAIN  2.375"O.D.  SCHEDULE  40 
PVC  PIPE  (FLUSH  JOINT-THREADED) 


.  2.375  O.D.  CONTINUOUS  SLOT 
FLUSH  JOINT -THREADED  PVC  SCREEN 
(20  SLOT)  SCREEN  PLACED  FROM  STATIC 
WATER  LEVEL  TO  TOP  OF  BEDROCK 

'GRAVEL  PACK 
(16-30  MESH  SIZE) 


8  DIA.  DRILL  HOLE 


■PLAIN  2.375  "O.D.  SCHEDULE  40 
PVC  PIPE  (  SUMP) 


BOTTOM  END  CAP  TYPICAL  CONSTRUCTION  DETAILS 

PHASE  3 

TEST/ MONITOR  HOLES 
STAPLETON  INTERNATIONAL  AIRPORT 


NO  SCALE 


SOUTHERN  TIER  OF  R.M.A. 
blotchleg  o/zoclote/.  Inc. 


2S2S  SOUTH  VMlM»WOmH0OU^VMO.  #30« 
OENVCR  COLOAAOO  00227 


52  5.1 


FIGURE  8 


OVERBURDEN 


I 


S.W.L  V 


ALLUVIUM 


VENTED  TOP  CAP 


PAINTED  FLUORESCENT  GREEN 
WITH  NUMBER  DESIGNATION 


ground  SURFACE 

BENTONITE  SURFACE  SEAL 

PLASTIC  FUNNEL  TO  PROVIDE 
BASE  FOR  BENTONITE  SURFACE 
SEAL 

■PLAIN  PVC  OR  FIBERGLASS  PIPE 
4",6‘V7‘'0R  8"  DIA.  DRILL  HOLE 


HAND  SLOTTED  3/4  ,  1.25  OR  1.5 
O.D.  160  PSI  OR  SCHEDULE  40 
BELLED  END  PVC  PIPE 
-OR  - 

HAND  SLOTTED  2.3"  O.D.  FLUSH 
JOINT  -  THREADED  FIBERGLASS 
PIPE. 

(PIPE  SLOTTED  FROM  STATIC  WATER 
LEVEL  TO  TOP  OF  SUMP  .) 


PLAIN  PVC  OR  FIBERGLASS  PIPE 
(SUMP) 


CLAY  LAYER 


NO  SCALE 


BOTTOM  END  CAP 

TYPICAL  CONSTRUCTION  DETAILS 
PHASE  4 

TEST /MONITOR  HOLES 
STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  R.M.A. 

biotchletj  oz/ocfote/.lnc. 

eaMsui.TiNa  MMaiMaBHa 

7535  SOUTH  MMOSNOWTH  0OULEWIMO.  #3Qft 
OCNVEH  COLOHAOO  «B27 


525  .1 


YMIN  -  760 


LEGEND 


312 

10  11  Section  Corner 


A.  Contour  Lines  Drawn  Through  Points 

Of  Equal  Depth  To  Bedrock  From  Ground  Surface. 
Contour  Interval  10  Feet 


22S20 


FIGURE  9 


0  5000  10,000 

SCALE  IN  FEET 
(APPROXIMATE) 


DEPTH  TO  BEDROCK  CONTOUR  MAP 

STAPLETON  INTERNATIONAL  AIRPORT 

SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 

<^tch!eu  Q//odQle/.Inc. 

coruauLTiNa  enqineers 

2525  SOUTH  WADSWORTH  BOULEVARD.  #306  j 
DENVER.  COLORADO  80227 
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YMAX  -  9790  R.67  W.  R.66W. 


LEGEND 


3 

2 

10 

N 

Section  Corner 


^  Contour  Line  Drown  Through  Points 

Of  Equal  Elevation  Of  The  Top  Of  Bedrock 
"X  Contour  Interval  10  Feet.  Datum  Is  Mean 
Sea  Level. 


00  Ol 


o 


5000 


SCALE  IN  FEET 
(APPROXIMATE) 


1 0,000 


BEDROCK  CONTOUR  MAP  ' 


STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 


ilcWay  Q//oclQle/.  Inc. 

^0|gQLIL.TIIMa  ENaiNEERO 

5  SOUTH  WADSWORTH  BOULEVARD.  #306 
DENVER.  COLORADO  80227 


525.  I 


notes: 


1.  Block  Diagram  Of  Bedrook  Surface  As  Viewed  From 
Immediatly  Southwest  Of  Test/ Monitor  Hole  10-2 
(Closest  Corner  To  The  Observer). 

2.  Drawn  On  Elevation  Of  Bedrock 

3.  Angle  Of  Rotation  Is  225  Degrees 

4.  Angle  Of  Observation  Is  45  Degrees 

5.  Height  To  Widfh  Ratio  Is  0.5 


three  dimensional  ‘ 

BEDROCK  SURFACE  BLOCK  DIAGRAM 
STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 


Wolchiey  Q/zocfole/,  fnc. 

CONSUCTIIVio  EMOllUEEnB 

2525  SOUTH  WADSWORTH  BOULEVARD 

DENVER.  C0L0HA0^27 


525. 1 


LEGEND 


3 

2 

lO 

1 1 

Section 


Corner 


5^  Contour  Line  Drown  Through  Points 
Of  Equal  Elevation  Of  Water  Table. 
Contour  Interval  10  Feet.  Datum  Is 
Mean  Sea  Level . 


Indicates  Area  Where  Alluvium 
Is  Unsaturated. 


XMAX  »  21660 


09912  »  XV«X 


r 


FIGURE  12 


O  5000  10,000 

SCALE  IN  FEET 
(APPROXIMATE  ) 


EXISTING  WATER  TABLE  ELEVATION 

STAPLETON  INTERNATIONAL  AIRPORT 
SOUTHERN  TIER  OF  ROCKY  MOUNTAIN  ARSENAL 

Wolchley  o//odQle/.Inc. 

CONDULTINO  EAiaiNEERB 

2525  SOUTH  WADSWORTH  BOULEVARD.  #  306 
DENVER.  COLORADO  80227 


525.1 


LEGEND 


7  8  Section  Corner 


Contour  Line  Drown  On  Points 
Of  Equal  Depth  To  Water  Table 
Below  Existing  Ground  Level. 
Contour  Interval  10  Feet. 


Indicates  Area  Where  Alluvium 
Is  Unsaturated. 
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Contour  Line  Drawn  Through  Points 
■\  Of  Equal  Elevation  Of  Water  Table. 
Dashed  Where  Approx.  Located. 
Contour  Interval  10  Feet.  Datum  Is 
Mean  Sea  Level. 


Note  ;  Adapted  From 
Smith  et.  al.,  1964 
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FIGURE  15 
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LEG  END 


Contour  Line  Drawn  Through  Points 
Of  Equal  Elevation  Of  Water  Table. 
Dashed  Where  Approx.  Located. 
Contour  Interval  10  Feet.  Datum  Is 
Mean  Sea  Level. 


Note!  Adapted  From 
Romero  And  Ward,  198 
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New  Test/Monitor  Holes  With 
Identifying  Numbers 


Pre-Existing  Monitor  Holes 
With  Identifying  Numbers. 


W-9166-77 

□  Existing  Shallow  Alluvial 
Identifying  Water  Court  Cos 

128400 

Stationing  Number,  Station 
Alignment  Taken  From  July  2 

By  Centennial  Engineering, Ir 


Contour  Lines  Drawn  Through  Points  Of  Equal  Elevation  Of 
Water  Level,  Contour  Interval  10  Feet  Datum  Is  Mean' Sea  Level. 

Area  Where  Alluvium  Is  Unsaturated. 

Area  Of  Known  Contamination 


Section  Number 


FIGURE  16 
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New  Test/ Monitor  Holes  With 
Identifying  Numbers 


Pre-Existing  Monitor  Holes 
With  Identifying  Numbers 
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□  Existing  Shallow  AMuvi( 
Identifying  Water  Cour 


200+00 


stationing  Number,  Stati 
Taken  From  July  24,19 
Centennial  Engineeringi 
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Contour  Lines  Drawn  Through  Points  Of  Equal  Elevation  Of 
Water  Level.  Contour  Interval  10  Feet.  Datum  Is  Mean  Sea 
Level. 

Area  Where  Alluvium  Is  Unsaturated. 


Area  Of  Known  Contamination 


Section  Number 


FIGURE  17 
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24,1985  Map  Provided  By 
Bring j Inc.  '  . 
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APPENDIX  A 


Test/Monitor  Hole  Completion  Summaries 


I  SKETCH 
'  of 
WELL 


WtLL  I  KUU  I  lUN  CDUlVllVlAli  Y 


LOCATION  or  COORl  >TES 
_  __ 


GRILLING  SUMMARY-- 
total  depth  drilled _ ^ 

DRILLING  CONTRACTOR— 


'-j'l/i/’a  -(-rrr— _ 


GRILLING  FLUID 


SAMPLING  METHOO 


COMMENTS  (  pfoolems,  snuldovins,  etc.) 


ELEVATION-  yloUNO  LEVEI _ _ 

TOP  OF  CASING 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 

CEMENTING 

DEVELOPMENT 

other* 


START 


FINISH 


DATE  TIME  DATE  TIME 

'^Id-llsT  _ 


DEVELOPMENT: 

method  _ 


'cLLOcSioN'- 

BASiS  •  Gedoqtc  Lc<j _ Geopnysicat  Log  . 

CASING  STRING:  C  =  ccs.nq  ;  S  -  screen 


-  VO  ^ 


CASING 

material 

,  / 

01  ME  NS  10. NS  / 

SCREEN' 


'// ''  L>/Cj  / 


material  ,  _ 

DIMENSIONS  /  " _ 

SLOT  SIZE  V/A  /  '!</  " 

•ACKERS  _  ^  AO _ 


MISCELLANEOUS 


'.'j.L. 


^  h // 


-  /is,  /  T  S’ 


5^3.  -^7 


PACKERS. 


GRAVEL  PACK 


/•/■'  (3  f4"  i 


WtLL  UUIMb  I  KUU I  lUN  bUMIVlAKY 

LOCATION  or  COOR^  ^ATES  -  ELEVATION-  )lOUNO  LEVEL 


_ /±± _ 

DRILLING  SUMMARY-' 

total  depth  nRii  I  Pn 


ELEVATION-  )lOUNO  LEVEL — rr—, 

TOPOFCASING.^"  ^ 

-?/</"  4-4.L 


DRIULING  CONTRACTOR  — 


i-sn  tc 


RIG  (S)  USED 


SIZES  (S)  and  TYPEtS)  a»  BITS  3^ 

^  L  _ ' 

drilling  fluid  - _ 


surface  casing 


_ -  -  I  c 

-Z  I  —  7  /  ^ 

c 


-  /  o  C 

/O  -  /f  ^ 

_  Z.:?  iS 


casing  •- 
material  _ 
DIMENSIONS 
SCREEN- 
MATERIAL  ■_ 
DIMENSIONS 
SLOT  SIZE  _ 
PACKERS _ 


C 


■  -y 

Q-lK/rJ 


_ At/C. _ 

.  —  'U(^4.  !  ''-i'  f^c 

SUi-H/  <ru-7^ 


GRAVEL  PACK  -^Q  S~  a.  C 

-3 ‘A 


CEMENT  Z. 


d  -/o  /o 


TIME  UOG: 


START 


FINISH 


DRILLING 

LOGGING 

CASING 

GR.V/EL  PACKING  ' 
CEMENTING 
DEVELOPMENT. 

other-- 


DATE  1  TIME  I  DATE  ]  TIME 


DE^’ELOFMENT- 

method  _ I 


WELL  DESIGN ••  . 

BASIS  •  Geologic  Log  _Ki_Geoony<icol  Log  _ 

CASING  STRING!  C  -  cos.ng  ;  S  -  screan 

■ '  /-'  <jC.  _  p  1/ 


MISCELLANEOUS 


s  irr- 


l/>:i/rr  /X 


WtLL  UUlMb  I  KUU  I  lUN  bUMMAKY 

LOCATION  or  COOR.  Wes  _  ELEVATION-  )lOUNO  LEVEL 


//-/ 


DRILLING  SUMMARY-' 

total  depth  dril  I  Fn 

DRILLING  contractor _ 

4.  r.  i  u  w  \  /c>  . 


'z^4^c  k\r»  tL 


SIZES  IS)  ond  TYPE(S)  o(  BITS 


drilling  FLUID  i-  - 


sampling  method 


SURFACE  CASING  _ 


'  .  J  A;»-'  i_ 

'''  ■  "■/ 


hlavye^ _ 


CASING  •- 

material  _ 

DIMENSIONS 

SCREEN^ 

material  •_ 

DIMENSIONS 
SLOT  SIZE  _ 


pi/  C _  •  ’• _ 

-P  '.-r- 

Irl>  G-Itjrci 

p\JC. _ Pxjc, _ 

_ .  -  'hi.i  /  c 


TOPOFCASIN( 

-7/..  ' 


'A.i^.  u. 


COMMENTS  (  sroalems,  shjtdQvrnj,  etc.) 


TIME  UOG: 

1 

START  FINISH 

DATE 

TIME  DATE 

DRILLING 

■;//// 

LOGGING 

CASING 

GRAVEL  PACKING 

DEVELOPMENT 

OTHER' 

DE?v'ELOPM£NT-- 

method  _ 1. 


,V ELL  DESIGN  ■•  . 

3ASIS  ■  Geologic  Log  -le^.  Geognytieol  Log  _ 

CASING  STRING!  C-cas-ng;  S  -  screen  , 

'  1  _  S/y  P  'J<^ 

O  -  3  /  C 

O  -  /  c>  c 

31  _  7  /  ^ 

/O  -  s 

c 

/^  _  2-3  cS 

— 

MISCELLANEOUS  ■ 


l/^/rf  /X 


WLLL  L/UINJb  1  KUU  1  lUN  bUlVllVlAh! Y 


LOCATION  or  COORL 


\tes 


ELEVATION ••  lOUNO  LEVEL- 
TOP  OF  CASING- 


L. 

0.^3  L. 


DRILLING  SUMMARY- 

TOTAL  DEPTH  DRILLED. 


DRILLING  CONTRACTOR 
_ ^  ^  ni ara  CO  « 


DRILLING  FLUID  C 


TIME  LDG  = 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER' 


START 


FINISH 


DATE  TIME  DATE  TIME 

sAv//^ _  _  _ 


SURFACE  CASING 


COMMENTS  (  protjlems,  shji downs,  etc.) 


OrvELOPMENT-- 

method  _ _ 


-S  ELL  DESIGN  ••  / 

SASiS  ■■  GeoloqiC  Log  _i:i__G-iophysical  Log  _ 
CASING  ST.RlNG'  C  =  cos.ng  ;  S  '  screen 


MISCELLANEOUS  ' 


CASING  :  _  •  ; 

MATERIAL  ^ - 

DIMENSIONS  3.3>S'  Joi-</ 


SCREEN' 


material  _ 

DIMENSIONS  3  3"^" _ 

SLOT  SIZE  ^  X  /  *4  '*  ^u/ 
PACKERS  A-wng/ 


'£■.07 


CEMENT 


WtLL  UUN5  I  KUU  1  lUlM  iJUlVIlVlAKY 

LOCATION  Of  COORD.  IfrES  _  ELEVATION--  c  ViNO  LEVEI _ 

xn o  r\e  /•acim^  a.f-r  /!■ 


TOP  OF  CASING- 


//-3 


DRILLING  summary- 
total  DEPTH  nBii  I  Fn  7Q  -S~ 

DRILLING  CONTRACTOR _ 

'r  -f- f)l o  r  4-  Co  . 


CEMENT  /3>e-r4e:^,4t  £>'/o  Y 


c^  h 


WtLL  UUIMb  I  KUU  I  lUN  bUlVlMAKY 


LOCATION  or  COOR.  lATES  - 

//'3  ' 


DRILLING  SUMMARY-  ^ 

total  OEPTH  nRii  I  Fn 
DRILLING  CONTRACTOR  (r^er^lir}n:_ 

^  iTo. _ 


SURFACE  CAS:nG 


COMMENTS  (  SfoOlems,  sftjtiowni,  «lc. ) 


WELL  DESIGN  •• 

SASiS  •  Geologic  Log  .ji^Geoohysical  Log  . 
CASING  STRING!  C  =  ccs.ng;  S  =  screen 

o  -  ^.sr  \ 


GRAVEL  PACK 


CEMENT 


Q  -/O  ^ 


ELEVATION-  jimiMD  i  PVFi  SgsO  -S' 
TOP  OF  CASING  -^ 


TIME  LOG-- 


DRILLING 


START 


FINISH 


DATE  TIME  DATE  TIME 

//zjys'  _  _  _ 


DEVELCPMENT-- 

METrtCO  _ 


WtLL  UU1M5  I  KUU I  lUlM  5U1V11V1AKY 


LOCATION  or  COOf  I^ATES  _ 

' 


DRILLING  SUMMARY-  ^  , 

total  depth  DRILLED— 

DRILLING  rnMTPflrTna 


ELEVATION  /ROUND  LEVEL  — Si  ^ 


TOP  OF  CASING- 


TIME  LOG: 


START 


IB' 


PINISH 


RIG  (S)  USED 


SIZES  (S)  and  TYP£(S)  ol  BITS  ^ 


GRILLING  FLUID 


SAMPLING  METHOD 


SURFACE  CASING 


I-/  ^ 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER: 


DATE  TIME  DATE  TIME 

(etjh£,  _  _  _ 


DEVELOPMENT-- 

method 


'.'.ELL  DESIGN: 

EASIS  :  GiOloq'C  Log  .kd-G^oohysicol  Log  . 
CASING  STRING:  C  =  cos.ng  ;  S  *  screen 
O  ~ 


CASING  : 

ma-terial  _ 
DIMENSIONS 
SCREEN: 
MATERIAL  _ 
DIMENSIONS 
SLOT  SIZE  _ 
PACKERS _ 


Ja.-< 


GRAVEL  PACK  x.  /}c^^ 

2.  &  L  ^  ' 


CEMENT  ^  -A»  /&  ' 


SKETCH 

of 

WFLL 


r-'t  n  ( I  r 


WtLL  UUlMb  1  KUU  I  lUlNJ  :dU1V11VIAKY 

LOCATION  Of  COOfi.  TIaTES  _  ELEVATION-  l^OUNO  LEVEI - - 

_  TOP  OF  CASING 


DRILLING  summary- 

total  DEPTH  DRILLED _ £. 

drilling  contractor - ^ 


rs 


RIG  CS)  USED  - ^^‘E- — 


SIZES  (S)ond  TYPEtS)o»  SITS 


DRILLING  FLUID 


<  id/' 


TIME  LOG-- 

1  START  FINISH 

DATE 

TIME  DATE 

ORII  1  INfi 

LOGGING 

CASING 

rjJAVPI  PACKING 

tfmfnting 

nPVFinPMFNT 

OTHER' 

COMMENTS  (  protjlems,  sfiutdowns,  etc.) 


WELL  DESIGN--  ^ 

BASIS  Geoloqtc  Log _ GeoDhysicol  Log  . 

CASING  string-  C  =  cosing  ;  S  -  scfe«n 


DEV'ELOPMENT: 
method  _ tl'.as- 


ADDITIVES 


RESULTS _ 


I  SKETCH 
of 

WELL 

Ly 


r-l 


WLLL  UUNb  1  KUC I  lUN  bUMMAKY 


LOCATION  or  COORL  lATES  _ 

77^  ' 


DRILLING  SUMMARY-  ^ 

total  depth  DRILLED__£I£ _ 

DRILLING  i-riMTOArTno 


ELEVATION-  IcaJNO  LEVEL --£^Jl£l2=. 


DRILLING  FLUID 


sampling  method 

Citra-L 


SURFACE  CASING  _ 


<  y7/  /  </aa^ 


COMMENTS  (  prociems,  shutdowns,  etc.) 


WELL  DESIGN  •• 

SASiS  '  Geolo<;ic  L09  Geophysical  Log  _ 
CASING  STRING:  C  -  cos.ng  ;  S  -  screen 

-  ar  /'  \ 


CASING  : 

material  ^ _ : _ 

DIMENSIONS 

SCREEN' 

MATERIAL  PVC  _ 

DIMENSIONS  /'4.' _ _ 

SLOT  SIZE  Ufy”  if  I  '4'*-^  u/  ^ 

PACKERS  :iUs-Ui  /  &  /b  ' 


•*  d  -74>  /  6 


TOP  OF  CASING 


TIME  LOG' 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER' 


start 


3 .go  A  < 6--  L- • 


FINISH 


DATE  TIME  DATE  TIME 

_  _  _ 


DEVELOPMENT-- 

method  _ 


ADDITIVES. 


RESULTS 


(M.  L  , 


/  SS"  /'J'(a 


SKETCH 

of 

WELL 


WtLL  CUN5  I  KU(J  I  lUN  NUMMARY  • 

LOCATION  or  COOR^.Ti AXES  _  ELEVATION-  ioUNO  LEVEl 

Tnta  rtc /*/<  Cl  M/r  S _ A~6r- 


UOrA 


DRILLING  SUMMARY-- 
total  depth  npii  I  Fn  7f.-5' 
DRILLING  CONTRACTOR _ 


TOP  OF  CASING- 


TIME  UDG: 

I  START 


FINISH 


DRILLING  FLUID 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER! 


DATE  TIME  DATE  TIME 

_ _ 


surface  casing  _ 


COMMENTS  (  problems,  shat  downs,  etc.) 


DEVELOPMENT-- 


WELL  DESIGN 

r.annhYSienl  Loq  ■ 

BASIS  =  Geoioqic  Log 

CASING  STRING^ 

C  =  cosing  ;  S  *  screen 

::p  —  /  o 

<0.  1 

CASING  !  ^ 

ma-terial  _ ■ 

dimensions  /^'Z  Sr'Lg/  ^ 

SCREEN' 

MATERIAL  .  Pvc _ 

DIMENSIONS  .  "  _ 

SLOT  SIZE 

PACKERS  (?  /o  ' 


U/.L.  _ 


i/z^/sr  /?•  Vif 


Oi’o  /  o 


WtLL  (JU1\15 1  KUC I  lUN  NUMMARY  ■ 


LOCATION  or  COOR  llATES  - 


DRILLING  SUMMARY-  _  , 

total  depth  riRii  I  Fn 
DRILLING  rnKiTP/irmp  G’fi -f^r  , L 

•«AL.  _  _ 


ELEVATION  ^OUNO  LEVEL 


TOP  OF  CASING 


?  /  V  '  >4.  ^ 


RIG  (S)  USED 


C-^iFSS 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 

cementing 


START 


FINISH 


DATE  TIME  DATE  TIME 

ihm5  _  _  _ 


COMMENTS  (  proOlems,  shutdowns,  «tc.) 


DEVELOPMENT-- 

method  _ 


ADDITIVES  . 


WELL  DESIGN--  ^ 

BASIS  •  Geologic  Log  _!:C_G«oohysical  Log  _ 
CASING  string-  Choosing;  S  •  screen 

_d_-j±S__^  _ - _ 

/^r-  5Y"  _ - _ 

_  5f  "  <C  _ 


CASING  • 
MA-TERIAL  _ 
DIMENSIONS 
SCREEN^ 


U—l  ^  /e- J'-f 

3  -S' _ !>»■«-/ 


hr  /f 


7// a//* a"  S’ 


MATERIAL  ss _ 

DIMENSIONS  ^.'2^  _ 

SLOT  SIZE  -  '/ft  "  V  ! 

packers  D/eij''At  f  ^ /o' _ 


centralizers 


^  -/t)  /O 


WtLL  CUNSTKUCIIUN  NUMMARY 


LOCATION  or  COOK  NATES  - 

Z-  ' 


DRILLING  SUMMARY-  _  , 

total  depth  DRILLED__Z^ _ 

DRILLING  CONTRACTOR_^lll£f-£^^ 

-Ao/j  / /cA 


ELEVATION  /ROUND  LEVEL  > 


TOP  OF  CASING 


Z  oi-  '  A  6- L 


TIME  LDG  = 


START 


FINISH 


RIG  IS)  USED 


DRILLING  FLUID  _ t— 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER! 


DATE  TIME  DATE  TIME 

UhT-hS'  _  _  _ 


sampling  METHOD 


SURFACE  CASING 


./■A.,., 


COMMENTS  {  pro tjlems,  shutdowns,  etc.) 


DEVELOPMENT-- 

method  _ 


WELL  DESIGN: 

BASIS  :  Geoloqie  Loq  _iLllG«oohysieol  Log  _ 
CASING  STRING:  C  -  cosmg  ;  S  ®  screen 
-  7  a  C.  \ 


CASING  :  — / 

MATERIAL  _ 

DIMENSIONS  P  /-/up/-.  ,'Ti,^<r^/rJ 


SCREEN' 

MATERIAL  SA _ 

DIMENSIONS  3  JaT  "  _ 

SLOT  SIZE  —  fuT 

PACKERS  (S  V  ' 


centralizers  — 


GRAVEL  PACK 


CEMENT  A 


'3^*1-^  An/  /<=»  V ' 


* 


WtLL  UUI\15  I  KUCJ I  lUlM  NUMMARY 


LOCATION  or  COOf-. 


\ates 


ELEVATION  /ROUND  LEVEL 


DRILLING  summary- 

total  DEPTH  DRIl  I  Fn  _ 

DRILLING  CONTRACTOR  ....  ",L£. 


TOP  OF  CASING- 


'  A- <s  L. 


RIG  tS)  USED 


'!rVlkr 


SIZES  (S)ond  TYP£(S)of  BITS 


DRILLING  FLUID 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 
DEVELOPMENT 
OTHER' 


START 


FINISH 


DATE  TIME  DATE  TIME 

shi  Ij->  _  _ 


sampling  method 


SURFACE  CASING 


^  /i 


r.'t/  /..wc 


.A.. 


comments  (  proolems,  shjidowns,  etc.) 


DEVELOPMENT' 

method  _ E 


’’c.  ^ 


WELL  DESIGN  •• 

basis  =  Geologic  Log  _i_Geoohysical  Log  . 
casing  STRING'  C  =  cosmg  ;  S  =  screen 
0-77  <7.  \ 


CASING  = 

MATERIAL  /''7C. 
DIMENSIONS  L^' 
SCREEN' 

material 

DIMENSIONS  " 
SLOT  SIZE 
PACKERS 


centralizers 


LA/.i, 


^h/l3^  /O 


GRAVEL  PACK 

JO  oz  '  _ 


,^e  ^  ^ 


1-/J 


WELL  CONSTKUCIIUN  bUMMARY 


LOCATION  or  COOR  NATES  - 

/Z~2.A 

DRILLING  summary- 

total  depth  drilled _ iA _ 

drilling  CONTRACTOR—^Ii^i^Li:!^ 

_ ? -f-cJ i'c  //U—  Z"a  _ 


RIG  IS)  USED 


^■»*r  cr 


SIZES  (S)  ond  TYPE  IS)  of  BITS  ^ 


DRILLING  fluid 


SURFACE  CASING 


COMMENTS  I  problems,  shdtaowns,  etc.) 


WELL  DESIGN  1 

BASIS  ■  Geologic  Log  -iZ^-Geophysical  Log  . 
CASING  STRiNGi  C  *  cosmg  ;  S  =  screett 

O  -  Z-r  I _ - 


fZ-  ■ 


CASING  = 


MATERIAL  ^ - 

DIMENSIONS  3 J>~ 


SCREEN' 

material  & _ 

DIMENSIONS  S-J  S'  '  _ 

SLOT  SIZE  ^ 

PACKERS _  U2-JLL _ 


CEMENT  13c'A9yt,4e  O  -/d 


ELEVATION  J?OUNO  LEVEl _ ^ - 

TOP  OF  CASING 


TIME  UDGi 


START 


DATE  TIME  DATE 

DRILLING  Lh’J^  _  _ : 

LOGGING  _  _  _ 

CASING  _  _  _ 

GRAVEL  PACKING  _  _  _ 

CEMENTING  _  _  _ 

DEVELOPMENT  _  _  _ 


DEVELOPMENT: 

method  _ 


ADDITIVES. 


c. 


u 


CA/  c 


^Ai/zr  7.3 


0^/0 


WELL  C0N5TKUC  HUN  NUMMARY 

LOCATION  or  COOK  \lATES  _  ELEVATION  IrOUNO  LEVEl - -- 

_  topofcasing-^:!^^ — 


2'V 


drilling  summary-  , 

total  depth  npii  I  Fn  V7-^ _ 

DRILLING  contractor 


RIG  IS)  USED  - ^ 


SIZES  island  TYPElSlol  BITS 


DRILLING  FLUID 


SURFACE  CASING  _ 


COMMENTS  I  proOlems,  shutdowns,  etc.) 


WELL  DESIGN  •• 

BASIS  ■  Geolo<;ic  Log  _r_  Geo  physical  Log 


CASING 

STRING: 

c  - 

O 

_  >v.  r 

c: 

jy- - 

-  VYi' 

s 

yyr 

CASING  • 

(/ ^ 

material  1— p - - - ^ - -j - j—r— 

DIMENSIONS  ^  ^  J 

SCREEN- 

MATERIAL  ^ _ 

DIMENSIONS  ^  " _ 

SLOT  SIZE  ^  _ _ 

PACKERS 


CENTRALIZERS  - - 


GRAVEL  PACK  /q  ' V>  jT  ^  ■«^/4  3o 


CEMENT  /B^wwZ~./<r  <0  V«  _ 


TIME  LOG  - 

1 

START  FINISH 

DATE 

TIME  DATE 

DRILLING 

56^ /jr 

LOGGING 

CASING 

LhJss 

GRAVEL  PACKING 

CfMFNTING 

DEVELOPMENT 

OTHER* 

DEVELOPMENT-- 

method 


—r  ^ 


MISCELLANEOUS  • 


!A/l, 


s  Jzi/ir  “f  ’ 


WLLL  CUNb  I  KUU I  lUN  bUMMARY 


LOCATION  or  COOK.  WATES 


ELEVATION-  5R0UN0  LEVEL -^^7^  f _ 

TOP  OF  CASING—^  ^ 


DRILLING  SUMMARY- 

/ 

total  depth  drilled _ 

3o.  s 

nnii  i  iNG  rnNTRarTnf* 

DRILLING  FLUID 


SURFACE  CASING 


COMMENTS  (  problems,  shutdowns,  etc.)  1<J‘- 

I  ~  -’.J  /  Ju  7?  J-/  _ 


DEVELOPMENT-- 


WELL  DESIGN! 

BASIS  !  Geologic  Log  _i^.Geo physical  Log  _ 
CASING  STRING!  C  *  cos.ng  ;  S  =  screen 
(i>  —  /  o 


/O  —  2. 


CASING  1- 

material  7^'-/^  _ ^ _ 

dimensions  g  '  r/i-; ^ 

SCREEN' 

material  ^ _ 

DIMENSIONS  "  _ 

SLOT  SIZE  ^  <:✓ 

PACKERS _ aAjA/Xw^.'/z?’  /o' _ 


U/L 


/y 


centralizers 


»  O  /O 


WhLL  (JU1\J5  1  KUC 1  lUN  bUMMARY 

COOt.^ATES  _  ELEVATION  Ground  LEVEL— 


LOCATION  or  COOt-fNATES  - 


DRILLING  summary- 
total  DEPTH  nail  I  Fn 
DRILLING  roMTOAi-Tno 


TOP  OF  CASING 


12. -Tf  '  , 


TIME  LOG: 


DRILLING 


START 


FINISH 


DATE  TIME  DATE  TIME 


SURFACE  CASING  n'-r^e. 


COMMENTS  (pfoQlems,  shutdowns,  etc. ) 


DE?v^ELOPM£NT: 

method  _ 


WELL  DESIGN: 

BASIS  :  Geologic  Log  _^G<ophysical  Log  . 
CASING  STRING:  C  *  cosmg  ;  S  -  screen 

-  /o.r 


CASING  -■ 

MATERIAL  ^ _ 

DIMENSIONS  ^  3  0*  To-'f 

SCREEN' 

MATERIAL  ^  *■> _ 

DIMENSIONS  9--'SSr  ''  _ 

SLOT  SIZE  -=^  ^//(-  "  /  / 

PACKERS  yCww^'/  (2  /a  _ 


centralizers 


^  L.  _ 


5  h  lJ?S  '  7  ' 


//oZ/j"  /Z.3/ 


GRAVEL  PACK 


WELL  CONSTRUCIIUN  NUMMARY 


LOCATION  or  COO^.-fNATES 


ELEVATION  -  gROUNO  LEVEL 7" _ 

TOP  OF  CASING  3  i  /- i-r  ^.soA.&, 


111.1  f>\/c 


TIME  LOG: 


START 


FINISH 


ORltLING  FLUID  Af°»« 


DATE  TIME  DATE  TIME 

DRILLING  _  _  _ 

LOGGING  _  _  _  _ 

CASING  _  _  _  _ 

GRAVEL  PACKING  _  _  _  _ 

CEMENTING  _ ^ _  _  _  _ 

DEVELOPMENT  _  _  _  _ 

other: 


SURFACE  CASING 


DEVELOPMENT: 

method  _ 


WELL  DESIGN  •• 

BASIS  '  Geologic  Loq  _J^G<ophysical  Log  _ 

CASING  STRING:  C  -  cos.ng  ;  S  -  sereon 


-3o, 


CASING  : 

material  _ 

DIMENSIONS  ^■'3^  ~g-^y  -3/y 

SCREEN' 

material  _ PyJ  c- _ 

DIMENSIONS  ^  3  5*  " _ “3/^  “ 

SLOT  SIZE  IZZ 

f^C.  :C  ///* >  y  •' 

PACKERS _ 


,L  s.  ///*  '-  y 


GRAVEL  PACK  n‘^ 


WELL  CONSTRUCIIUN  NUMMARY 


LOCATION  or  COOK-fNATES 


Z-7 


DRILLING  summary- 

total  DEPTH  DRILLED _ 

drilling  CONTRACTOR-J 


.ING  CON1^ACTOR_i 


_ 


DRILLING  fluid 


SURFACE  CASING  _ 


COMMENTS  (  problems,  shutdowns,  etc.) 


WELL  DESIGN  •• 

BASIS  =  Geologic  Log  AZLceophysicol  Log  _ 
CASING  STRING  =  C  =  ccs.ng  ;  S  -  screen 
^1 


CASING  •• 
MATERIAL  _ 
DIMENSIONS 


p\/C.  _ 

t'  '^Z  h*  I  /'•iJ  1 >/fcl 


SCREENr 

MATERIAL  „ _ 

DIMENSIONS  /  '  _ 

SLOT  SIZE  ^ 'Jib''  nyi 

PACKERS  /  (S-  // .s' 


GRAVEL  PACK  _ 


CEMENT  /-/r  O  -/n 


ELEVATION-  GROUND  LEVEL— 

TOP  OF  CASING 


TIME  UDG: 

1  START  FINISH 

DATE 

TIME  DATE 

PRII  1  INK 

I.OGGING 

CASING 

r,aAVPi  PAOKING 

rFMPNTING 

npvri  nPMFNT 

other* 

DEVELOPMENT-- 
method  _ pgy’c 


ADDITIVES. 


RESULTS  _ 


HcytC. 


MISCELLANEOUS- 

■?  i-L—,  r  c.„  <j  •r-.  -rr.-l  v  r  ■ 


(AJ-L. 


WELL  CUNSTKUC  NUN  bUMMARY  • 

LOCATION  or  COOK-\aTES  _  ELEVATION- ipOUNO  LEVEL 

TOPOFCASING-^-^-±±. 


z-lA 


DRILLING  summary- 
total  depth  ORILLEO- 


ORILLING  CONTRACTOR-iZ: 

^  rr^  f-rr^  0  . 


/c 


RIG  (S)  USED 


DRILLING  FLUID 


sampling  method 


SURFACE  CASING 


/V<^ag. 


COMMENTS  (  proolems,  shutdowns,  etc.) 


WELL  DESIGN 

BASIS  ‘  Geologic  Log _ Geophysical  Log  . 

CASING  STRING!  C  =  cosmg  ;  S  *  screen 
^  I 


6.  S-  ^  o  ^ 


/6^.C)_  //.  J  C, 


CASING 

MATERIAL  - - j— 

DIMENSIONS  A/l,  Lf'f''' 

SCREEN' 

MATERIAL 

DIMENSIONS  /  '|4-  ' _ 

SLOT  SIZE  ±  \ 


TIME  LOG: 


START 


FINISH 


DATE  TIME  DATE  TIME 

DRILLING  -£khl\ _  _  _ 

LOGGING  _  _  _  _ 

CASING  _  _  _  _ 

GRAVEL  PACKING  _  _  _  _ 

CEMENTING  _  _  _  _ 

DEVELOPMENT  _  _  _  _ 

OTHER! 


DEVELOPMENT: 

method  ' 


ADDITIVES. 


_ 


^  /?-///' j"  ^  _ 


WELL  CONSTRUCTION  SUMMARY 


LOCATION  or  COOr.-ANATES 

/?-  e 


ELEVATION.  GROUND  LEVEL -SS-HlJL 


RIG  (S)  USED 


DRILLING  FLUID 


SAMPLING  METHOD 


<■  q!'-^ 


r^-l.  C., 


SURFACE  CASING  A  A  a.  . 


COMMENTS  (  proDlems,  shuldowns,  e»c.) 


WELL  DESIGN •• 

BASIS  =  Geologic  Log  _:i^Geoohysical  Log  _ 
CASING  STRING!  C  =  cos.ng  ;  S  -  screen 

O  -  /Z,  C.  _  - _ 

/  -z.  —  ^5*  ^  _ — _ 

^  _ - 


CASING 


PVc 

MATERIAL  ^  _ 

DIMENSIONS  /'4  iitlltJ 


SCREEN' 

material  P^f- _ 

DIMENSIONS  '  _ _ 

SLOT  SIZE  -=fe-  !  lib  V  /  vk  “ 

PACKERS  (S.  //  * 


centralizers 


GRAVEL  PACK 


CEMENT 


e  ■Ui*  !  I  f  dl>~^  //  ■ 


TOP  OF  CASING- 


TIME  LOG: 


START 


FINISH 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 

CEMENTING 

DEVELOPMENT 

other* 


DATE  TIME  DATE  TIME 

diUp"  _  _ 


DEVELOPMENT-. 

method  _ 


ADDITIVES . 


MISCELLANEOUS 

/3j  a4»-^ 


,  f  ('e 


LOCATION  or  COOK-fNATES 


WtLL  (JUN5  I  KUC I  lUN  NUMMARY 

COOK^NATES  _  ELEVATION- GROUND  LEVEI _ ^ - 

_ _  TOP  OF  CASING  . ' 


DRILLING  SUMMARY-- 

total  depth  drilled _ — _ 

DRILLING  contractor  'j. 


DRILLING  FLUID 


SURFACE  CASING  _ 


COMMENTS  (  proolems,  shjtdowni,  etc.) 


CASING  ■ 

MATERIAL 
DIMENSIONS  / 
SCREEN' 

MATERIAL 
DIMENSIONS 
SLOT  SIZE  ^  '//0>  ' 
,  A-- 


DEVELOPMENT-- 

method  _ 


WELL  DESIGN: 

BASIS  :  Geologic  Log 

_:^LGeo  physical  Log  . 

CASING  STRING: 

C  •  casing  ;  S  -  screen 

O  _  ^ 

^  1 

MISCELLANEOUS  • 


uJJ 


laj-L 


^IniS^  /ii.  J  _ 


7/iC/^^  /S.^S'  ' 


LOCATION  or  COO»._^NATES 


WEiLL  const  KUCIIUN  SUMMARY 

COO».!)naTES  _  ELEVATION- IrOUNO  LEVEL— - - 

TOP  OF  CASING -2i£L_A-.£_il. 


/2-  fA 


DRILLING  summary- 
total  DEPTH  DRILLED. 


drilling  contractor _ £ 


_ _ 

4*»/  t 


DRILLING  FLUIO  _ 


SAMPLING  METHOD  - - 


SURFACE  CASING  _ 


COMMENT  S  (  proBlems,  shutdowns,  etc. ) 


WELL  DESIGN’ 

SASiS  ’  Geologic  Log  —icLlGeophysicol  Log  . 
CASING  STRING’  C  =  casmg  ;  S  *  screen 
O  _  S~  T  C  \ 


CASING  •• 
MATERIAL  - 
DIMENSIONS 


DEVELOPMENT’ 


u?  '  I'  J  <>-  •/ 


SCREEN' 

MATERIAL  _ 

DIMENSIONS  ^  ' _ _ 

SLOT  SIZE  ! hb''  ! 'Iz.  ''  tTv'-h 

PACKERS  y  ' _ 


UJ.L-.  _ 


/n' 


I  iKLICH 
of 

WELL 


WtLL  CONSTRUCTION  SUMMARY 

LOCATION  or  COOK  AXES  -  ELEVATION  ^ROUNO  LEVEL —££22liL. 


# 


IT, 


j: 


_ 


DRILLING  summary-  , 

total  depth  drilled _ _ 

DRILLING  CONTRArmB  ^ 

S  r-J i  ^  . 


RIG  (S)  USED  <T 


SIZES  (S)  ond  TYPElSJ  of  SITS  ^ 

^  J* 


DRILLING  FLUID  _ a/---"'- 


SUP.FACE  CASING  ■  '  >  _ 


COMMENTS  (p/’oeiems,  shji downs,  etc.) 


WELL  DESIGN:  _  , 

SASIS  :  Geologic  Log  _;:^G-;o3hysicol  Log  _ 
CASING  STRING:  C  =  cos.ng  ;  S  -  $cre«n 


CASING 

MA1TRIAL  _ 

dimensions  ^  Cc'l 

SCREEN- 

MATERIAL  _ 

DIMENSIONS  !  Yg,  " _ 

SLOT  SIZE  ^  /  y  V 

PACKERS 


TOP  OF  CASING 


■3. If  /5-6-L. 


DE\'ELOPM£NT: 

method  _ 


MISCELLANEOUS  ’- 

T, 

LiJ.L.  _ 

5vi77JF“77 


WtLL  (JUIMb  1  KUC I  lUN  bUMlVlAKY  • 


LOCATION  or  COOK.. NATES  - 

7-/  ^  ^ 


DRILLING  SUMMARY-  ^ 

total  depth  ORILLEO—SL^ _ 

drilling  contractor _ 

j ^  y-  . 


ELEVATION  )rOUNO  LEVEl _ - 

TOP  OF  CASING  i.  — ^ 

3a-^"  A  &  i~- 


TIME  LOG: 


START 


FINISH 


RIG  (S)  USED 


^  ^  -T’-T' 


DRILLING  fluid 


SAMPLING  METHOD 


DATE  TIME  DATE  TIME 

DRILLING  _  _  _ 

LOGGING  _  _  _  _ 

CASING  _  _  _  _ 

GRAVEL  PACKING  _  _  _  _ 

CEMENTING  _  _  _  _ 

DEVELOPMENT  _  _  _  _ 

other: 


surface  casing  / 


j  COMMENTS  (oroQlems,  shutdowns,  c  tc. ) 

I  "7-  '<-i  '-/a  -  ^  ■'  • 'C. 


DEVELOPMENT-- 

method  _ 


'A  ELL  DESIGN 

BASIS  •  Geoloqic  Log  _C_GiO?nysical  Loq  __ 

CASING  string-  C  =  ccs.ng  ;  S  =  screen 

p'Ji-  /a>SS^ 


SKETCH 

WELL 

-X 


VVtLL  UU1M5  1  KUU I  lUlM  bUMMAKY 


LOCATION  or  COOR  )kATES  _ 


DRILLING  summary- 

total  DEPTH  DRILLED _ 

DRILLING  CONTRArTnP 


ELEVATION  V?OUNO  LEVEL  -  T 

TOP  OF  CASI NG 


RIG  IS)  USED  ^ 


SIZES  (S)  ond  TYPEIS)  ol  BITS  V' 


DRILLING  FLUID  _ 


sampling  method  -  ''  '' 


SURFACE  CASING  < 


COMMENTS  (  oroQlems,  shutdown*,  etc.) 


WcLL  DESIGN: 

BASIS  :  G«oio<;tc  Log  -i^^G-ioonysieal  Log  _ 
CASI NG  STRING:  C-Ccs.ng;  S  -  screan 

^  -  /V  ? 


CASING  : 

material  _ 

dimensions  ^ g|.,,J 

SCREEN' 

material  Hu  c. _ _ 

DIMENSIONS  1  'L 
SLOT  SIZE  -  'hb''  /  ScuT^ 

PACKERS  ' 


centralizers 


GRAVEL  PACK  hlo^c. 


CEMENT 


<3  i^o  -2  '  . 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 

development 

OTHER* 


start 


FINISH 


date,  time  date 


(pit  i^~ 


DEV'ELOPMENT: 
method  _ 


SKETCH 

of 

WELL 


WLLL  UUlMb  I  KU^  I  lUN  DUIVIIVIAH  T 

LOCATION  or  COOfi  \aTES  _  ELEVATION  ViOUNO  LEVEL  . 

TO n  nc  OACimn  ^ ^  ^ 


TOP  OF  CASING- 


^-3/? 


TIME  UDG- 


START 


FINISH 


\  I  '  ^  I 

^ \r  I  I  V  RIG  (S)  USED 


^  ^  ;  fe-~ 


SIZES  (S)  ond  TYPEIS)  ol  SITS  ^ 


DRILLING  FLUID 


SUHFACE  C 


AS:nG 


COMMENTS  {  sroDlems,  sholdown*,  etc.) 


DATE  TIME  DATE 

DRILLING  _  _ 

LOGGING  _  _  _ 

CASING  _  _  _ 

GRAVEL  PACKING  _  _  _ 

cementing  -  -  - 

DEVELOPMENT  _  _  _ 

OTHER' 


DEVELOPMENT: 


CASING  ' 

material  -  ^ - 

DIMENSIONS  bfllrc/  _ 

SCREEN' 

material  _ 

DIMENSIONS  /  '' _ 

SLOT  SIZE  :±  !  /ft,'"  J  \  %"  r^i 

PACKERS  '^  3 _ 


centralizers 


GRAVEL  PACK 


CEMENT 


I  SKETCH 
of 

WELL 

Ly 


I  SKETCH 
of 

WELL 


SKETCH 

of 

WELL 


WtLL  I  KUL I  lUIN  C^UIVIIVIAKY 

LOCATION  or  COOR.  )aTES  _  ELEVATION  l?OUNO  LEVEl _ ■  Y _ 


_  6/^ 


RIG  IS)  USED 


CASING  - 

material  _ _ _ 

dimensions  )  '4,  '  '  Lj  r  l 

SCREEN' 

MATERIAL  PVc _ 

DIMENSIONS  y  '4  _ 

SLOT  SIZE  -t  V/fe  "  X  r.. 

PACKERS 


GRAVEL  PACK 


TOP  OF  CASING- 


TIME  LOG: 


START 


FINISH 


DATE  TIME  DATE  TIME 

DRILLING  kk4r _  _  _ 

LOGGING  _  _  _  _ 

CASING  _ 


GRAVEL  PACKING 


DEVELOPMENT- 

METmGD  — 


'AELL  DESIGN- 

SASiS  •  Gioio?!-:  l:?  _ii_G-i03nysicol  Log  . 
CASING  string-  C  '  ecs.ng  ;  S  =  screen 


y/py/yi"  2) 


7//6-//3~ 


VVtlLL  UUNO  I  I  lUN  OUIVIIYIAK  T  ' 


LOCATION  or  COORL  JiTES 


DRILLING  summary- 

total  depth  DRILLED-.  _ _ 

drilling  rrmroArmo  A 


ELEVATION ••  JOUNO  LEVEl _ £2^ '7- 3 


TOP  OF  CASING- 


3.7V  '  A-6e  L 


RIG  (S)  USED 


SIZES  (S)ond  TYPEtS)  «»  BITS 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 
CEMENTING 


START 


FINISH 


DATE  TIME  DATE  TIME 

sl^ihs  _ 


SAMPLING  method 


surface  casing 


ph  i-  X' 


COMMENTS  C  problems,  shalilOMns,  etc.) 


DEVELOPMENT- 


CASING  • 

MATERIAL  ^ - 

DIMENSIONS  /'4.  hfc! 

SCREEN' 

MATERIAL  _ 

DIMENSIONS  /  " _ _ 

SLOT  SIZE  -^  ///<"/  /  '4  "  S  «»««/ 
PACKERS  oAs/4<  '  . 


centralizers - - 


GRAVEL  PACK 


CEMENT 


of 

WELL 


/o  L_ 


VVLLL  UUND  I  rCUU  I  lUlM  OUIVIIVIAK  T 

COORL^TES  ’  ELEVATION.  ^OUNO  LEVEL  -2'^  ^ 


LOCATION  or  COORL  JxTES 


TOP  OF  CASING- 


COMMENTS  (  proolems,  shut  Gowns,  etc.  1 


DEV'ELOPMENT: 
method  _ 


ADDITIVES  . 


T'l cr>n  c 


h'f-'-- ' 


SVELL  DESIGN: 

BASIS  :  Geologic  Lfl? _ G^opnystcol  Log  _ 

CASING  STRING:  C-Cos.nq;  S  -  screen 

^  -  //  _ - 


CASING  : 


Pvc, 


material  ^ _ _ 

01  ME  NS  10. NS  ^  ^  ^ 


SCREEN' 


material  ^\/C. _ 

DIMENSIONS  /  " _ _ 

SLOT  SIZE  ^  >//*> "  y  !  '4'  ^ 

•ACKERS  /a  ' 


PACKERS 


Uj,L.  _ 


^('r(2^  i'- 


-fs 


centralizers 


GRAVEL  PACK 


CEMENT  ■Ha*,', It  6  /t3  /O 


I 


Olvc  <N«n 

of 

WELL 


> 


O’ 


VVdL-L-  mULr  I  IVJIM  OUlVllVlArtT 


LOCATION  or  COORL 


IvTES 


ELEVATION  lloUNO  LEVEI _ 

TOP  OF  CASING  ^ 


DRILLING  summary- 

total  depth  drilled _ 

DRILLING  CONTRACTOR  — 

^  f-i'Jart.  A 


3^- s' 


RIG  (S)  USED 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 


DRILLING  fluid 


SAMPLING  method 


COMMENTS  (  arobiems,  sfijfdawns,  etc.)  __ 

use. 


DEVELOPMENT: 
method  _ 


WELL  DESIGN: 

BASiS  :  G«oloi;i>:  La? _ GeoDtiysicol  Log  . 

CASING  STRING:  C  =  CQS.nq  ;  S  -  tereen 


CASING  •• 

material  _ 

OIMENSIO.NS 

SCREEN' 


material 

DIMENSIONS  ^  ' 
SLOT  SIZE 

PACKERS _ Hejy,€. 


centralizers  — ^ 


uJ.L 


//  6  / /-T"  ;=  • 


GRAVEL  PACK  AeJw,^ S»^-w/ /}»f^  30  ^  ^  ' 


VVCll-L.  UVJINJO  1  nUKu  I  IUI>J  OUIVIIVIAKT 

LOCATION  or  COORL  TImES  _  ELEVATION ^  "ioUM)  LEVCI £2.^-.  It  ' — 

TOP  OF  CASI NG  ^  ^ 


DRILLING  SUMMARY-- 
total  depth  non  I  Fn  3/-^ 
drilling  contractor _ 

‘r^n/a/'-c-Zv^  ■ 


RIG  (S)  USED 


-S" 


DRILLING  FLUID 


WELL  DESIGN  ■• 

BiSiS  ■  Geologic  Lag  -i^GeoDnysicol  Log 


:aS1NG 

string  ■ 

C  =  cc 

—  i  .O 

l: 

//-O 

—  9C0 

s 

-  v.^ 

CASING  •• 

MATERIAL  ^ ^ _ 

DIMENSIONS  / '^Z-  Lt /IrrJ ^ 

SCREEN' 

material  ^ _ 

DIMENSIONS  ^  ' _ _ 

SLOT  SIZE  ^  thy  "  /  t  *4.  *' 


PACKERS . 


GRAVEL  PACK 


TIME  LOG: 


DRILLING 

LOGGING 

CASING 

GRAVEL  PACKING 

cementing 

DEVELOPMENT 

other* 


DEVELOPMENT'- 


method  _ 


ADDITIVES  . 


RESULTS  _ 


H‘^c 


MISCELLANEOUS^ 

'«  -4»— 


^  /zY^ 


^/iLlsr  7 


iho^ir  7?l>' 


LOCATION  or  COOR. 


vvc.i_i-  uuiMo  I  nuK^  I  luiNj  ouiviiviAr<  T  • 

:OOR.  ")aTES _ ELEVATION  ")lOUNO  LEVEl _ \... 

_ _ _  TOP  OF  CASING '/:}.&■  L. 


y/i 


DRILLING  SUMMARY*  ^ 

total  depth  noil  I  rn 

DRILLING  rnMTPArTnB  , 


RIG  (S)  USED 


SIZES  IS)  and  TYPE  IS)  ol  BITS  ^ 


DRILLING  FLUID 


SAMPLING  METHOD 


surface  casing 


I-  ^ 


e. 


COMMENTS  (  proaiems,  shutdowns,  etc.) 


'.v£:ll  design  •• 
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